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ABSTRACT 
This thesis presents the results of single crystal X-Ray diffraction 
studies of the following compounds: 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
Ni[ o-CH2=CHC 6H4P(C6H5)2]2 ; Ni(SP) 2 
Pd[ o-CH2=CHC 6H4P(C6H5)2]2 ; Pd(SP) 2 
Pt[o-CH2=CHC 6H4P(C6H5)2]2.o.sc6H5CH3 ; Pt(SP) 2 
5 (n -C5H5)W(C0) 3PtH(P(C6H5)3)2.0.5C6H5CH3 ; PtW 
5 (n -C 5H5)(CO)W( µ-C0) 2Rh(P(C6H5)3)2 ; RhW 
5 5 1 ,------, (n -C5H5)W( µ-H) 2(µ- n :n -C5H4)Rh(P(C6H5)3)2 ; RhWH 
5 5 1 ,------, (n -C5H5)MoH( µ-P(C6H5)2)( µ-n :n -C 5H4)Rh(P(C6H5)3)2 ; RhMo 
8. AuBr2{o-(C2H5)2PC6H4CHCH2Br }; AuBr3.SDEP 
9. AuBr2{o-(C2H5)2Pc6H4CHCH20cH3} ; AuBr2.SDEP. OMe 
10. AuBr2{o-(C6H5)2PC6H4cH2CHCH20CH3} ; Au Br2.AP. OMe(A) 
11. AuBr2{o-(C6H5)2PC6H4CH 2CH(OCH 3)CH2}.CHC1 3 ; AuBr2.AP.OMe(B) 
Crystal structure analyses of the complexes Ni(SP) 2, Pd(SP) 2 and 
Pt(SP) 2 (1- J ) show the metal atoms in 1 and J each to be tetrahedrally 
coordinated by two phosphorus atoms and two vinyl groups, whereas the 
palladium atom in 2 is trigonally coordinated by two phosphorus atoms 
and one vinyl group. The geometries of the coordinated olefin groups 
suggest that the metal-olefin bond strengths in these complexes vary in 
the order platinum-olefin> nickel-olefin> palladium-olefin. This 
result is consistent with the expectation from NMR data but is at 
i i 
variance with the prediction from EA-IP values (EA= electron affinity, 
IP= ionization potential) that the nickel-olefin bond should be 
stronger than the platinum-olefin bond. 
Crystal structure analyses of the heterobimetallic complexes 4- 7 
show the separations of the metal centres in 4 and 5 within the range 
associated with M-M' bonding (Pt-W = 2.8382(4) A ; Rh-W = 2.5866(4) A) 
while those in 6 show relatively weak M-M' interaction (Rh-W = 2.9942(4) 
A). The metal centres in 5 and 6 also spanned by bridging groups while 
7 contains bridging groups but no significant M-M' interaction (Rh-Mo= 
3.807(1) A). The Pt atom in 4 is square planar and the W atom has a 
four-legged piano stool coordination. The Rh atom in 7 is also square 
planar coordinated whereas the Rh coordination in 5 and 6 is complex and 
best visualized by reference to the appropriate drawings. In two of the 
complexes ( 6 and 7) the W (or Mo) atom coordination is reminiscent of 
that exhibited by (n5-c5H5)MoH2. 
In complexes 8- 11 the gold atoms are each square planar coordinated 
by two bromine, one phosphorus and one carbon atom . In B and in 9 the 
gold atom is attached to the a-carbon atom of the side chain to give a 
five-membered chelate ring. In 10 the gold atom is bound to the 
$-carbon atom giving a six-membered metallacycle and in 11 it is bonded 
to the y-carbon atom resulting in a seven-membered metallacycle. 
Crystal of mearsine picrate ( 12 ) contain H-bonded pairs of mearsine 
and picrate ions. The molecular structure shows that the mearsine base 
is bicyclic with an isoquinuclidine skeleton. 
A 
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The values of observed and calculated structure factors for all 
compounds are available on request from Dr G.B. Robertson, the 
Research School of Chemistry, Australian National University. 
SECTION I 
l.l Scope of the work 
CHAPTER l 
INTRODUCTION 
The purpose of the present study has been to carry out the X-ray 
structural analysis of the following compounds: 
5. 
6. 
7. 
2 
The organometallic compounds in this list comprise three distinct 
series viz . the olefinic phosphine complexes of Ni, Pd and Pt (complexes 
1-3), the heterobinuclear complexes of the group VI (Mo, W) and group 
VIII (Rh, Pt) metals (complexes 4-7) and the gold (III) complexes 
derived from bromination (complex 8) and subsequent methanolysis (com-
plexes 9-11) of the linear gold (I) complexes of o-vinylphenyldiethyl-
phosphine or o-allylphenyldiphenylphosphine. Each series comprises a 
separate section of this thesis. Discussion of 12, an alkaloid-picrate 
salt, is not relevant to the main content of the thesis and is confined 
to an appendix. 
Including section one (Chapter 1) which presents a brief review of 
the theory of both heavy atom and direct methods of structure solution 
along with experimental procedures and computer programs employed, this 
thesis consists, therefore, of four sections. Section two (Chapter 2) 
deals with the crystal and molecular structures of Ni(SP) 2, Pd(SP) 2 and 
Pt(SP) 2. Those of the mixed metal complexes (PtW, RhW, RhWH and RhMo) 
are given in section three (Chapters 3, 4, 5, 6 and 7). The last 
section (Chapter 8) is concerned with the crystal and molecular 
structures of the gold complexes (AuBr3.SDEP, AuBr2.SDEP.OMe, AuBr2. 
AP.OMe(A) and AuBr2.AP.OMe(B)). The crystal and molecular structure 
of mearsine picrate is described in Appendix A. 
Both heavy atom and direct methods procedures for structure 
solution were employed at various times. Single crystals of Ni(SP) 2, 
Pd(SP) 2 and Pt(SP) 2 were kindly supplied by Ors Mart in A. Bennett and 
Chindarat Chiraratvatana, those of the mixed metal complexes by Ors 
Martin A. Bennett and Kerrie I. Gell and those of the gold complexes 
by Dr Martin A. Bennett and Mr Horst Neumann of this School . Single 
crystals of mearsine picrate were kindly supplied by Dr John A. 
tamberton of the division of applied organic chemistry, CSIRO, 
Melbourne and Ors Y.A . Geewananda P. Gunawardana and I. Ralph C. 
Bick of the Chemistry Department, University of Tasmania. 
1.2 A general theory of the heavy atom method and direct methods 
3 
When the X-ray diffraction technique is used in solving the struc-
ture of any compound the most important quantities to be measured are 
the relative intensities of the diffracted beams since they can be 
analyzed to give the positions of the atoms within the unit cell . The 
intensity of a given diffracted beam depends on the relative positions 
of all the atoms in the cell . The observed intensity, I0 (hk i ) of a 
reflection hk i is related to the structure factor for that reflection 
[F(hk t )] by 
ex: IF(hkt ) i2 
where F(h ki) = Ef .exp[2Tii(hx. + ky. + rz.)].TF., f. and TF. are jJ J J J J J J 
scattering and thermal smearing factors respectively for the j th atom 
(with fractional coordinates x., y., z.) and the summation is taken 
J J J 
over all of the atoms in one unit cell. 
X-rays are scattered by the electrons of the atoms, so a crystal 
property suitable for mathematical treatment is the electron density. 
Since crystals are periodic structures, the electron density p(x,y,z) 
may be represented by a three-dimensional Fourier series, 
p(x,y,z) = ~ EEE F(hki ) exp[-2 Ti i(hx + ky + t z)] 
hk i 
where x,y,z are the fractional coordinates of any point in the unit 
ce ll of volume V. 
4 
If the structure factor F(hki) was available, the electron density 
for all values of x, y and z could be computed and plotted to give a 
three-dimensional electron density map . The positions of the atoms 
could be located from the centres of the peaks and so the entire 
structure would be known. However, only the modulus of the structure 
factors, not the phase angle can be derived from the observed 
intensities. This problem is commonly referred to as the phase problem 
as it is associated with the absence of phase information. The methods 
generally used for obtaining the phase angles are : 
l. the heavy atom method 
2. direct methods 
1.2. l The heavy atom method 
For a compound containing one or a few atoms having atomic number Z 
considerably greater than those of the other atoms, the structure can 
frequently be solved by first locating the heavy atom positions by using 
the Patterson function. Once the heavy atom(s) has been located the 
approximate phases of the entire structure can be assumed equal to those 
of the heavy atom(s). The remaining atoms of the structure are usually 
then revealed in a subsequent Fourier synthesis or difference Fourier 
synthesis . 
The Patterson function was deduced by A.L . Patterson in 1935. 1 , 2 
It is a Fourier series for which the coefficients are the values of 
IF(hkt) 12 which are directly derivable from the observed intensities, 
i.e. 
P(uvw) = .l EEEIF(hki) 12cos2n(hu + kv + iw) 
V hk i 
5 
where u, v, ware the fractional coordinates of the unit cell in the 
Patterson map . The Patterson function gives a map of the vectors 
between the atoms . A peak at the point uvw in a Patterson map indicates 
that there exist atoms at x1, y1, z1 and x2 , y 2 , z2 in the crystal 
such that u = x1-x2 , v = y1-y2 , w = z1-z2. If there are N atoms in a 
unit cell, N2 interatomic vectors will be derived. However N of these 
peaks lie at the origin, so there are only N2-N vectors in the map. 
The symmetry of the Patterson map is the same as that of the Laue 
group, and the peak heights are proportional to the products of the 
atomic numbers of the atoms forming the vector. Therefore the peaks 
associated with a heavy atom will be significantly higher than the 
other peaks except for the origin peak and atomic coordinates of the 
heavy atom can be obtained. 
l.2 . 2 Direct methods 
Phase determination by direct methods encompasses those techniques 
in which the phases of the structure factors are derived directly from 
the intensities of the diffracted ray by using probabilistic calcula-
tions. The theory of direct methods is based on the phase relationships 
of a set of reflections which are related by L2-relations, i.e . whose 
indices are linear combinations of one another. In the case of 
triplets the three reflections Ji, .b_' and .b_-.b_' are said to be related by 
L2-relation as they satisfy the equation 
h + h'+ (.b_ - .b.') = 0 ( l. l ) 
where h = (h,k,2) is a vector whose components are the Miller indices. 
Then 
where th is the phase angle of the reflection n and 
"probably equal". 
indicates 
6 
(1. 2) 
A key formula in the theory of direct methods is Sayre's equation 
developed by Sayre in 1952 3 
( l. 3) 
where Eh is the normalized structure factor and Tis a non-negative 
factor which can be calculated. 
The normalized structure factors Eh are defined by 
where 
klh 
jEh j2 =--------n. 
£ L1 f~ exp(-2Bsin2s;A2) 
j= l J 
Ih = observed intensity put on an absolute scale by the 
factor k 
£ = a positive integer which depends on the space group 
syrrrnetry 
n. 
l = 
the number of atoms in the group 
fj = the scattering factor of the j
th atom 
B = overall temperature factor 
In practice, the phase determination procedures for centrosymmetric 
and noncentrosymmetric structures are different. This is because the 
centric structure factors have phases restricted to O or n while in the 
noncentrosymmetric case the phases may generally have any value in the 
7 
range O to 2n. From Sayre's equation two formulae for use in actua 1 
phase determination can be derived. For a centrosymmetric structure 
we get 
s(b_) ,: s(b_ 1 )s(b_-b_ 1 ) ( 1. 4) 
where s means "the sign of". The probability that (1.4) holds can 
be expressed by 
1 1 
[ 
0
3 I E_li_E_li_,E_li_-_t,_' 1] p = 2 + 2 tanh 312 
cr2 
( 1 . 5) 
where 
N 
crn = E z~ j=l J ( 1. 6) 
z. 
J 
= the atomic number of the .th J atom 
N = the number of atoms in a unit cell 
If there are three reflections re 1 ated by a E2 - re 1 at ion and if 
the signs of two of them are known, then the sign of the third reflec-
tion can be obtained from (1 .4) with a probability given by (1.5). 
If there is more than one E2-relation involved, the equations 
(1.4) and (1.5) will become 
s (b_) E s(h')s(h-h') 
h' - - -
and l l [ er 3 p = 2 + 2 tanh --rJ2 
cr2 
For a structure containing N atoms of equal type, 
l 1 [ 1 p = 2 + 2" tanh IN I Eh 
( 1. 7) 
(1 . 8) 
(1. 9) 
This equation shows that the probability increases with the value 
of Eh but decreases with the number of atoms in the unit cell. 
For the acentric case, a further formula can be derived from 
Sayre's equation 
tan qi h = --------------
EI Eh,Eh-h'lcos( ¢h,+ ¢h-h') 
h' - - -
8 
(1.10) 
This equation which is well-known as the "tangent formula " was 
derived by Karle and Hauptman in 1956. 4 The process for phase 
determination in the acentric case is in principle the same as in the 
centric case. E2-relations have to be found and if the phases of pairs 
of reflections b_', b_-_b._' are known, the phase of the reflection h can be 
determined by using this tangent formula. 
The reliability of the phase ¢h determined from equation (l. 10) 
can be measured by the quantity ah2 defined by Karle and Karle 5 as 
(1.11) 
where 
(1.12) 
The quantity ah depends on the product I EhEh ,Eh-h, I and also 
-- --
depends on 0 30 2-::
312 which depends, in turn, on the number and types of 
atoms in the unit cell. 
In practice two techniques which are commonly used in direct 
methods are the symbolic addition method and the multisolution 
9 
technique. The procedure for phase detennination may be summarized as 
follows: 
1. find sets of reflections which are related by E2-relation 
2. find the starting reflections for the tangent formula by 
application of the E2-formula and by assigning phase values to the 
origin- and if necessary enantiomorph-fi xing reflections 
3. find further phases to initiate a continuous phase determining 
process by using equation (1.4) or (1.7) or (1. 10). 
Symbolic addition techniques and multisolution methods are 
different only in category 3. In the symbolic addition method the 
phases are represented by symbols whereas for multisolution techniques 
explicit phase values are assigned for mult iple sets of "trial" 
starting phases. The most impor tant part influencing success or 
fai 1 ure of direct methods is the choice of the starting set. The 
algorithm for finding these starting reflections is di scussed in 
references 6, 7, 8 and 9. 
A number of computer programs have been developed to solve both 
centrosymmetric and noncentrosymmetric crystal structures by direct 
methods. Examples include SIMPEL 10 , 11 , MULTAN 12 , and SHELX 1 3 . The 
SIMPEL program uses the symbolic addition technique while MULTAN and 
SHELX use multisolution methods . Since the structures of Ni(SP) 2 and 
mearsine picrate described in this thesis were solved with MULTAN a 
brief description of this program will be given. Details of this 
program have been described in references 7, 9, 12, 14, 15 and 16. 
Figure 1. l shows a flow diagram of the important routines of 
MULTAN80. 
10 
NORMAL --- Calculates E values 
M FIRST Prepares E2-relations and finds starting 
u re fl ecti ans 
L Determines phases for all reflections 
T LAST using the weighted tangent formula and 
A 
calculates figures of merit for each 
N 
set of phases 
EXFFT Calculates E-map 
SEARCH ---Performs peak search and interpolation 
Figure l. l Flow diagram of MULTAN80 
The MULTAN process starts with finding sets of three reflections 
which are related by E2-relat ionships. The next operation of the 
program is to choose the starting reflections for the weighted tangent 
formula by application of the E1-formula to the structure semin-
variants and by assigning phase values to reflections which define the 
origin and (for acentric structures) enantiomorph. A E1-relationship 
is taken as a special case of a E2-relationship in which two of the 
reflections are the same, i.e. 
<j> • ± <j> • ± </> J· + o "' 0 
1 J 
where o is a resultant phase shift due to translational symmetry and 
</>i must belong to a structure seminvariant with a restricted phase. 
11 
A small number of other reflections are also chosen to help in 
the initial stages of phase determination. The phases of these 
reflections are initially unknown. A number of different phase values 
are assigned by "magic integer" phase permutation 17 . Therefore, 
several sets of phases can be generated. The algorithm for finding 
these starting reflections is described by Germain, Main and Woolfson 6 • 
In general, reflections included in the starting set should have high 
E values, since the probability that indicates the correct phase of 
~h is closely related to tanh lEhl, and these reflections should be 
involved in as many L2-relations as possible so that a large number of 
additional phases can be determined. 
From each starting set, phases of all reflections are determined 
and refined by using the weighted tangent formula given by 
The weight associated with the phase ~h' wh can be calculated using 
the weighting scheme introduced by Germain, Main and Woolfson 18 or 
by Hull and Irwin 19 . 
Four figures of merit are calculated for each set of phases in 
order to judge their relative possibilities 7 , 16 • It is found that a 
combined figure of merit is a better figure of merit than the absolute 
figure of merit, Psi zero and Resid taken separately . At this point 
the chosen set of phases is then used for an E-map calculation and 
interpretation. 
12 
1.3 Experimental 
1. 3. 1 Pr>e liminary do.ta on the structures 
Preliminary information for all crystals described in this thesis 
(i.e. approximate cell dimensions, Laue symmetry, crystal system and 
the space group) was obtained from photographic studies using oscilla-
tion and Weissenberg photographs taken with CuKa radiation 
(A= 1.5418 A) and precession photographs taken with MoK& radiation 
(A= 0.7107 A) . Accurate cell dimensions and reflection intensities 
were measured subsequently using either the Picker FACS-1 or Philips 
PW 1100/20 four-circle diffractometer with (graphite) crystal mono-
chromated radiation. 
1.3.2 Cell dimension measurement and do.ta collection with the Picker 
FACS-1 f our- circle diffractometer 
The crystal chosen was mounted on the diffractometer with an axis 
(normally a, b or c axis) slightly inclined to the~ axis of the 
diffractometer. An approximate crystal orientation matrix was obtained 
by using the approximate cell dimensions derived from films and the 
location of two low angle reflections within the zero-layer Weissenberg 
photograph (i.e. with X ~ 0° ). 
The angular settings (2 0, w, x and ~) for 12 relatively strong, 
high angle reflection s were recorded with a narrow detector aperture 
and a take-off angle of 1.0° (using CuKa1 (A= 1.54051 A) or MoKa 1 
(A= 0. 70926 A) radi ation). These angular settings were used for the 
least-squares refinement of the cell parameters and crystal orientation. 
The method of calculation has been described by Busing and Levy 20 . 
13 
Reflection intensities were measured by the 0-20 (crystal-counter) 
scan technique using 2° min-l 20 scan speed and 3.0° take-off angle. 
To measure the intensity of each reflection the counter was first 
moved to an angle of (20-m/2) 0 • An integrated scan count was then 
recorded while the counter was moved with the specified speed to an 
angle of (20 + m/2 + ~) 0 where ~ is the dispersion factor which is the 
20 separation (in degrees) of the Ka1 and Ka2 peaks at the 20 value 
of the reflection concerned and mis the preset scan range. A back-
ground count of 10 sec was taken at this angle with both the crystal 
and the counter stationary. The counter was then returned to the angle 
(2 0-m/2) 0 and a second background count was taken for 10 sec. If the 
intensity of the diffracted beam exceeded 5000 counts sec-l during the 
scan, the system automatically inserted nickel foil attenuators. The 
thickness of the foils were chosen to give attenuator factors of 1.694, 
2.857, 4.858, 8.231 and 13.976 for CuKa radiation and 1.676, 2.810, 
4.711, 7.897 and 13.237 for Mo Ka radiation. 
During the course of data collection, the intensities of three 
standard reflections were measured after every 97 reflections as a 
check on electronic and crystal stability. If crystal degradation was 
apparent (as indicated by a continuing decrease in intensity during 
data collection) the observed intensities of all reflections were 
scaled appropriately (as described in secti on 1. 3.4. l) during 
subsequent data processing. 
In some cases where the crystals decomposed on prolonged exposure 
to X-rays, two crystals were used for measuring the diffraction data. 
Some overlapping regions were measured for scaling purposes and the 
same set of monitors were used throughout . 
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l:3.3 Cell dimension measurement and data collection with the Philips 
PW 1100/20 f our- circle diffractometer 
The crystal was mounted on the diffractometer with random 
orientation. The unit cell dimensions were determined on the basis 
of 25 strong reflections found by varying the orientation angles x and 
~ in the ranges -60 ° to 60° and 0° to 120° respectively, with detector 
positions varying from 0 = 5° to 10° . The accurate cell parameters 
were obtained from a least-squares refinement of setting angles for 25 
reflections with high 20 values. 
Intensities were measured using the 0-2 0 scan technique utilizing 
a 2° min-l 20 scan speed. Backgrounds were measured for 10 sec at 
both sides of each reflection. If the crystal was unstable in air or 
decomposed rapidly with exposure to X-rays, the 20 scan speed was 3° 
-1 
min and backgrounds were measured for only 7 sec at each side. The 
Ni attenuating filter was automatically inserted when the intensity was 
higher than 100,000 counts per second . This filter setting remained 
during background measurements . If the intensity was still too high 
that reflection was skipped. Three standard reflections were measured 
every one or two hours to monitor intensity fluctuations. Degradation 
effects, if present, were corrected as described below . 
1.3.4 Data reduction 
1.3.4. l Picker data 
For Picker data all data processing (correction for Lorentz , 
polarization and crystal degradation effects) was carried out using the 
program SETUP3. The raw intensity data were first corrected for 
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background (assuming a straight line between the two measured 
background points) and crystal degradation effects using the following 
expression 
I= AF x DC[CT - (tp/tb)(B 1 + B2)J 
o(I) = AF x DC[CT + (tp/tb) 2(B 1 + B2)J~ 
where I, o(I) = corrected intensity and its standard deviation 
AF = the appropriate attenuator factor 
DC = correction for crystal decay 
CT = scan count 
tp = total scan count time which is given as: 
tp(sec) = {scan range ( 0 )/scan speed ( 0 min- 1)} x 60 
tb(sec) = total background count time 
B1 ,82 = background 1, 2 counts 
The correct ion for crystal decay, DC was calculated according to 
the formula described by Churchill and Kalra 21 as: 
+ p 2)/ (P,2 + P/ + P/ )J-~ 
3 K2 K2 K 2 
l 2 3 
where P1, P2, P3 = cosines of the angles between the reciprocal lattice 
ve ctor of the reflection under consideration and 
those of the ; th standard 
K1, K2, K3 = decay rates of the i
th standard 
Decomposition rates of the standards were calculated using the 
program DATSET or DECOMP. If I is the intensity of the standard at the 
measured time and I is the initial intensity, the linear rate of decay 
0 
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of a standard is defined as the decrease in I/I
0 
per measured 
reflection while the exponential rate is defined as the decrease in 
ln(I/I 0 ) per measured reflection . A graph of intensity (y-axis) 
against the reflection number (x-axis) was plotted for each standard 
and the least-squares fit of linear and exponential decays were 
calculated. The decay rate was then obtained from the slope of 
either the linear or the exponential curve. 
If the calculated value of I was less than zero it was reset to 
zero and that reflection was considered unobserved. If two background 
counts of any reflection differed significantly (i.e. if 
~ JB 1-B 2 J/(B 1+B 2) 
2 ~ 3.0) that reflection was flagged to allow subsequent 
deletion. However, these reflections were eventually included in the 
data sets used for structural analysis. 
The corrected intensities were next reduced to values of the 
structure factor amplitudes, JF J by applying Lorentz and polarization 
0 
corrections as follows: 
JF0 J = 
I (I/Lp) ~ 
cr l(Fo) = cr (I)/(Lp x 2JF0 J) 
where cr l(Fo) = the estimated standard deviation of JF0 J 
Lp = Lorentz-polarization factor given by 
Lp = (cos2 20 + cos 2 20 )/ {sin2 0(l + cos 2 20 ) } 
m m 
where 0 and e are the reflection and monochromator Bragg angles 
m 
respectively . 
If an instrumental uncertainty facto r 22 , 2 3 is also considered, 
the standard deviation of IF I is taken to be 
0 
where P2 is an instrumental uncertainty factor which is assigned 
empirically to be either 0.002 or 0.0016. 
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Using the program SORTER , reflections were sorted and equivalent 
reflections were averaged. Only unique reflections with I~ 3o(I) were 
considered to be statistically significant and used in the structure 
analysis (except for the direct methods solution for which all 
symmetry-allowed data were used). The statistical R factor for the 
sorted data set is given as 
R = 
s 
During the refinement the reflection data were corrected for 
absorption using the program TOMPAB. The calculation was based on the 
method described by de Meulenaer and Tampa 24 . 
1.3.4.2 Philips data 
The data were corrected for Lorentz, polarization and crystal 
degradation effects by using either the program CRYSTAN or PWREDU. 
The procedures in the calculation for both CRYSTAN and PWREDU programs 
were similar to that described for the program SETUP3 . Reflections 
were sorted and equivalent reflections were averaged using the program 
SORTER or SHELX 13 . For data so rted by the SHELX routine the internal 
consistency R index which measures agreement between multiply observed 
C 
reflections is tabulated. Rc index is defined as: 
where the inner summations are over the N equivalent reflections 
averaged to give the mean F
0 
and the outer summations are over all 
unique reflections. 
During the refinement the intensity data were corrected for 
absorption using the program SHELX. 
1.3.5 Structure solution and refinement 
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Except for Ni(SP) 2 and mearsine picrate all of the structures 
described here were solved by heavy atom and difference Fourier 
synthesis methods. The structures of Ni(SP) 2 and mearsine picrate were 
solved with MULTAN 12 , 14 . 
The structures were re f ined initially either by full- mat ri x least-
squares methods using the program SFLS or by block-diagonal least-
squares methods using the program BLKLSQ. For the block-diagonal 
least-squares calculation the blocking arran gement used was (2x2) for 
the scale factor and the overall temperature factor, (4x4) for atoms 
refined with an isotropic temperature factor and (3x3 , 6x6) for atoms 
assigned anisotropic thermal parameters. The atomic scattering factors 
for all atoms were taken from International Tables for X-ray 
Crystallography vol. IV 25 . The effects of anomalous dispersion were 
included in the calculated structure factors, with the appropriate 
values of af' and af" for non-hydrogen atoms taken from reference 25. 
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In the refinement, the quantity mini mized was Ew( IF 1-k lF 1)2 
0 C 
where IF0 1 is the observed structure factor amplitude, IFc l is the 
calculated structure factor amplitude, k is the scale factor relating 
IF0 1 to JFcl and w is the weight of the observation . During the early 
refinement cycles, each structure factor was given a unit weight. For 
the final stages w=l/ cr /(F
0
) was assigned. The discrepancy indices 
used are defined as 
where 
where 
R = 
E IIF0 1-k 1Fcl l 
E J F O I 
R = unweighted residual inde x 
R = weighted residual inde x w 
The "goodness of fit", S, was defined by 
m = number of reflections 
n = number of variables 
The S value is the estimated error for an observation of unit weight 
and can be regarded as an indication of the suitability of weighting 
schemes. For correctly chosen (absolute) weights this value should be 
close to l. 
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In the early stages of the refinement the non-hydrogen atoms were 
refined with isotropic temperature factors B where B = 8n2u2 and u2 is 
the mean-square amplitude of vibration. The value of B was arbitrarily 
assigned to be 3.0 A2 and was refined. For final stages of the 
refinement anisotropic thermal parameters were assigned for non-hydrogen 
atoms using the expression 
Hydrogen atom contributions were included for all structures. 
Contributions were sometimes refined (e.g. hydride ligands, mearsine 
picrate hydrogens and vinyl hydrogens in complexes 1-3) and sometimes 
held constant (at calculated positions) and not refined. Calculated 
positions were derived using the program HYDGEN assuming trigonal 
planar or tetrahedral geometry and a C-H bond length of 0. 95 A. For 
methyl hydrogens, coordinates were calculated at 10 degree intervals 
about the base of a cone with the attached carbon atom as an apex. The 
coordinates which best correspond to peaks in the difference map were 
assigned to the methyl hydrogens. The isotropic thermal parameter was 
given as BH =Be x 1.1 A2 where Be is the isotropic thermal parameter 
of the carbon atom to which the hydrogen is bonded. 
If extinction effects were apparent, i.e. if structure factor 
amplitudes of some strong low angle reflections were systematically 
much lower than the calculated amplitudes, the Fe values were corrected 
according to the Zachariasen expression26 Fcorr = [Fc /{1 . 0 + (ext 1 x 
ext 2 x BO)}]. In this expression ext 1 is the reflection intensity, 
ext 2 is Zachariasen's Beta parameter and BO is a variable coefficient 
whose value was refined in the least-squares analyses. 
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After some cycles of the refinement, one of the phenyl groups in 
Pt(SP) 2 was found to be disordered and it was decided to refine this 
phenyl group as a rigid group. The phenyl groups in the triphenyl-
phosphine ligand in the complexes PtW, RhW and RhMo were also refined 
as rigid groups in order to reduce the number of variables. For these 
complexes, therefore, the SHELX least-squares program was used in 
place of SFLS or BLKLSQ since rigid group refinement was not available 
in the latter programs. Similar weighting schemes (w = l/a
2
2(F
0
)) 
were employed for both the SHELX and SFLS/BLKLSQ refinements. 
Neutral atom scattering factors and anomalous dispersion correc-
tions for heavy atoms (i.e. Pt, W, Rh and Mo atoms) were taken from 
International Tables for X-ray Crystallography vol. IV25 , for other 
atoms the values contained in the SHELX program were used. 
In the SHELX refinements either full-matri x least-squares methods 
or blocked full-matrix least-squares schemes were employed. The reason 
for refining by the latter method is to reduce the number of variables. 
In this scheme specified blocks are refined sequentially. The 
disordered phenyl group in Pt(SP) 2 and the phenyl groups in the 
triphenylphosphine ligands in PtW, RhW and RhMo were refined as rigid 
groups with C-C distance of l.380 A. Positions of all hydrogen atoms 
except the olefinic hydrogens of Pt(SP) 2 and the hydride ligands were 
calculated assuming trigonal geometry and were allowed to "ride" on the 
attached carbon atoms with C-H bond lengths fixed at 0.95 A. The 
olefinic hydrogens of Pt(SP) 2 and the hydride ligands were located from 
difference Fourier synthesis and were refined isotropically. 
In the X-ray diffraction method, the scattering power of an atom 
is proportional to the square of the atomic number. In structures 
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containing heavy atoms, hydrogen atoms in diffe rence Fourier maps are 
often not well - defined, especially when the hydrogen is near to a 
heavy metal atom, since hydrogen has a much lower scattering power. A 
technique for direct location of hydrogen atoms was applied by LaPlaca 
and Ibers 27 , 28 by using only low angle reflections in the calculation 
of difference Fourier maps. The rationale for this method is that 
since the scattering from hydrogen contributes substantially only to 
the low angle reflections, the hydrogen peaks should be enhanced when 
some high angle data are removed from the calculation. The positions 
of the hydride ligands in RhWH and RhMo complexes were located using 
this technique (see chapters 6 and 7). 
1.4 Computer programs 
All calculations except those using the CRYSTAN program were 
carried out using the ANUCRYS Structural Determination Package which 
has been devised, collected and implemented on the UNIVAC-11OO/82 by 
G.M. McLaughlin, G.B. Robertson, D. Taylor and P.O. Whimp for the 
Research School of Chemistry, the Australian National University. 
The programs which have been used in this thesis are: 
DATSET 
DECOMP 
SETUP3 
CRYSTAN 
SORTER 
ANUFOR 
for conversion of the magnetic tape data from the Picker 
FACS-1 diffractometer into a file for input to program SETUP3 
and also for a least-squares fit of the decay of standards 
for a l east-squares fit of the decay of standards 
for data reduction of Picker data 
for data reduction of Philips data 
for sorting and averaging equivalent reflections 
f or three-dimensional Fourier synthesis 
SFLS for structure factor calculation and full-matrix least-
squares refinement 
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BLKLSQ for structure factor calculation and block-diagonal least-
DANFIG 
HYDGEN 
TOMPAB 
REDCEL 
LISTER 
ORXFFE 
PUBTAB 
MEANPL 
PWDECO 
PWREDU 
ORTEP 
squares refinement 
for geometry calculation 
for the calculation of hydrogen atom positions 
for analytical absorption correction 
to calculate a reduced triclinic cell 
for production of tables of final atomic parameters 
with standard deviations 
for calculation of molecular geometry and error function 
for production of structure factor tables 
for the calculation of weighted mean planes 
for analysis of standards for Philips data 
for data reduction of Philips data 
by C.K. Johnson 29 
for thermal-ellipsoid plots 
MULTAN?? by P. Main, L. Lessinger, M.M . Woolfson, G. Germain and 
J.P. Declercq 14 
MULTAN80 - by P. Main, S.J. Fiske, S.E . Hull, L. Lessinger, 
G. Germain, J.P. Declercq and M.M. Woolfson 12 
SHELX by G.M. Sheldrick 13 
All calculations except those using the CRYSTAN program were 
performed on the UNIVAC 1100/82 computer of the Australian National 
University Computer Service Centre. The calculation using the CRYSTAN 
program was carried out using the PDP 11/45 computer of the Research 
School of Chemistry, the Australian National University . 
SECTION I I 
CHAPTER 2 
CRYSTAL AND MOLECULAR STRUCTURES OF Ni[o-CH 2=CHC6H4P(C 6H5)2J2, 
Ni(SP)2; Pd[o-CH2=CHC5H4P(C5H5)2l2, Pd(SP)2 AND 
Pt[o-CH 2=CHC6H4P(C6H5)2J2.O.5C6H5CH 3, Pt(SP) 2 
2.1 Introduction 
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Ni(O) and Pt(O) - olefin complexes and their use as catalytic 
agents are of great interest but only few complexes of Pd(O) have been 
reported. Attempts to prepare the bis(l,5-cyclooctadiene) complex of 
Pd(O) using procedures found to be successful for similar Ni(O) and 
Pt(O) compounds have failed 30 • The ethylene complex Pd(PPh3)2(c2H4) 
has been reported but appears to be less stable than the nickel or 
platinum analogues 31 . From these results it seems that Pd(O) has a 
much lower affinity for olefin coordination than Ni(O) or Pt(O). 
This can be accounted for as discussed below. 
In the Dewar-Chatt-Duncanson theory 32 • 33 metal-olefin bonding 
involves both the formation of a a-bond by donation from the filled 
PTT-orbital of the olefin to an empty hybrid orbital of the metal and 
formation of a TI -backbond by donation from a filled metal orbital of 
appropriate symmetry to the empty pTI* (antibonding) orbital of the 
olefin (Figure 2.1). Although this model was defined with square 
planar olefin complexes in mind, it provides a widely applicable 
description of the bonding between transition metals and a whole 
range of TI -acceptor ligands 34 • 
rr* 
~-c~Q 
rr ~ I ~ M '---metal d orbital involved a,c '(!@ u in , -backbonding 
Figure 2.1 The Dewar-Chatt-Duncanson bonding model 
for metal-olefin bond. 
From the Dewar-Chatt-Duncanson bonding model, the complex is 
more stable if the electron density available on the meta l for 
25 
back donation to the olefin is high. Structural evidence for the 
existence of TI -backbonding in transition metal-olefin complexes 
includes: (l) the bond distance between a metal and a ligand is 
generally shorter than that expected for a single bond, (2) the C=C 
bond length is longer than that of a free olefin and (3) the substit-
uents on the coordinated olefin are bent back from the usual planar 
structure 35 • 36 . The bending back of the substituents is caused by 
the increase of electron density in the TI*-orbital of olefin. In 
certain cases, the coordinated olefin is so strongly distorted that 
the complex may be considered as a metallacyclopropane in which the 
metal forms two a-bonds to the olefinic carbon atoms and these carbon 
atoms rehybridize from sp2 to sp3 (Figure 2.2). 
26 
l"' __ .. Y 
M::____ I 
/ ·-c 
L /\ 
Figure 2.2 The meta llacyclopropane structure. 
Since the bonding in the zerovalent complexes of the nickel triad 
involves the metal in its dlO valence state whereby the metal accepts a 
pair of electrons into an empty valences or p orbital in forming 
a-bonds, the a-bond strength should be related to the electron affinity 
(EA) of the free metal atom; the larger the EA the stronger the bond 
will be. On the other hand, n-backbonding should be related to the 
d10+d9 ionization potential (IP) of the free metal atom; a small IP 
would correspond to a strong n-donor capacity. Therefore the value 
EA-IP might be expected to provide a measure of the overall _bond 
strength 37 • 38 . The values of EA, IP and EA-IP for the Ni triad listed 
in Table 2.1 suggest that Ni(O) is a strong n-bonder, Pt(O) is a 
strong a-bonder, Pd(O) is relatively weak in both and the trend in 
the overall bond strength is Ni(O) > Pt(O) > Pd(O). There is some 
evidence indicating that this bonding trend is correct . The 
decomposition temperatures of the M(PF3)4 compounds, for example, 
follow the sequence Ni > Pt > Pd 39 . Al so the force constants for the 
meta l- carbon bonds in M(C0) 4 compounds 40 and for the metal-nitrogen 
bonds in MN 2 compounds 41 follow the same trend, i.e. Ni > Pt > Pd. 
Table 2. 1 Electron affinities (EA), Ionization potentials (IP) and 
the difference (EA-IP) for nickel, palladium and platinum 
Metal 
Ni 
Pd 
Pt 
1. 2 
1. 3 
2.4 
5.81 
8.33 
8.20 
(EA-IP)(eV) 
-4.6 
-7.0 
-5.8 
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The stability of transition metal-olefin complexes will also 
depend upon the oxidation state of the metal atom, and on the natures 
and the numbers of the olefin and the other ligands attached to the 
metal. Low oxidation states and the presence of strong donor 
ligands will both tend to promote the metal -olefin bonding. For the 
olefin, the effects of substituents and strain are important. The 
introduction of electron withdrawing groups into the olefin will 
cause a lowering of both the TT- and TT* -olefin orbital energies, thus 
enhancing backbonding into the TT* -orbital and reducing the a-forward 
bonding from the TT -Orbital. Electron-donating groups on the olefin 
give the reverse effect and in some cases the overlap with the 
TT* -orbital is so small that no backbonding occurs. The effect of 
introducing strain into the olefin can lead to a more favorable over-
lap since the energy of the TT* -orbital decreases and the energy of 
the TT-orbital increases. 
Some years ago Nyholm and co-workers 42 reported the preparation 
of a series of potentially chelating ligands which contain both an 
olefin group and a strong o-donor group located so that the double 
bond can be oriented in the appropriate position for coordination. 
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One of these ligands is the olefinic tertiary phosphine, 
o-CH2=CHC6H4P(C6H5)2, SP, which can form either monodentate (P-bonded) 
or bidentate (through both the olefin and the P atom) derivatives. 
The ability of this ligand to form olefin complexes is greater than 
that of simple olefins. In such complexes both the chelate effect and 
the synergic effect of the n-acceptor olefin and a-donor phosphine 
moiety are likely to be of importance in enhancing the stability of 
the metal-olefin bond. 
The structures of many zerovalent metal-olefin complexes of the 
Ni triad have been determined 4 3 • 44 . The 18-electron four-coordinate 
complexes show a tetrahedral geometry as in Pt(COD) 24 s and Ni(COD) 246 , 
where COD isl ,5-cyclooctadiene. The 16-electron three-coordinate 
complexes are trigonal planar as in Ni(PPh3)2(C2H4)47 - 49 , 
Pt(PPh3)2(c2H4) 50 , 5 1 and Pd(DBA) 352 where OBA is dibenzylideneacetone. 
In trigonal complexes the C=C axis lies cl ose t o the coo rdination 
plane. As noted previously two main distorti ons of th e complexed olefin 
ligand have been observed: 
l. The C=C bond length is significantly longer than that of a free 
olefin. The lengthening of this bond doe s not prove the existence of 
the n-backbonding since a decrease in the electron density in the 
olefin pn-orbitals due to the strong a-donation to the metal and an 
increase in the electron density in the pn*-orbital due to the 
n-back donation from the metal both serve to weaken and, hence, 
lengthen the C=C bond. 
2. The coordinated olefins are nonplanar and the substituents are 
t bent away from the metal atom. The bending back of the substituents 
t This is not necessarily true of conjugated olefins for which some 
substituents may be bent towards the meta l atoms . 
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on the coordinated olefin has been shown by molecular orbital 
calculations to be consistent with the Dewar-C ha tt-Duncanson bonding 
model 53 • 54 . Figure 2.3 sketches some definitions of angles useful to 
describe this nonplanarity44 . The angle a is the angle between the 
normals to the planes defined by the substituent groups, Sand S' 
are the angles between the olefinic carbon bond and the plane normals. 
For planar olefin geometry these angles would be 0° , 90° and 90° 
respectively. As the substituents on olefin are bent away from the 
metal, a increases from 0° and s and s ' decrease from 90° . 
Figure 2.3 Illustration of angles a , s and S'. 
The novel zerovalent metal (Ni, Pd and Pt) complexes of the 
olefinic tertiary phosphine, o-CH2=CHC6H4P(C6H5)2, SP, i.e. Ni(SP) 2, 
Pd(SP) 2 and Pt(SP) 2 whose structu res are described here were 
synthesized and characterized by Ors Martin A. Bennett and Chindarat 
Chiraratvatana. The aim of the work is to provide comparative 
quantitative data to permit still further understanding of the bonding 
between the olefin and the metal in olefinic tertiary phosphine 
complexes 5 5 . 
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The complexes were characterized by microanalyses, by 1H, 13c and 
31 P NMR spectra and by IR spectra in KBr disk. Two possible 
structures of M(SP) 2 are as follows: 
(i) both double bonds are coordinated giving a tetrahedral 
configuration about the metal (Figure 2.4(a)) 
(ii) only one of the double bonds is coordinated which would be 
expected to give a trigonal structure (Figure 2.4(b)). 
CjC~ 
' C : 
\\·······M--._ 
C \ PPh2 ©YPPh2 
(a) 
Figure 2.4 Two possible structures of M(SP) 2. 
The 1H, 13c and 31 r NMR data for Ni(SP) 2 and Pt(SP) 2 suggest 
that they are tetrahedral complexes in which both double bonds are 
coordinated but do not exclude the possibility of a trigonal structure 
in which free and coordinated double bonds are exchanging rapidly in 
solution on the NMR time scale. The IR spectra do not show an absorp-
tion due to a free olefin (v(C=C)=l620 cm- 1) for either Ni(SP) 2 or 
Pt(SP) 2. 
The 1H, 13c and 31 r NMR data for Pd(SP) 2 in the temperature range 
from room temperature to -80°C indicate that this complex is fluxional 
in solution. The presence of a v(C=C) band at 1620 cm-l in the IR 
spectrum of Pd(SP) 2 shows that there is a free vinyl group in this 
compound. 
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Single crystal X-ray diffraction studies were , therefore, 
carried out in order to establish the precise molecular structures of 
these compounds. Suitable crystals were obtained, in each instance, 
by slow diffusion of n-hexane into the appropriate toluene solution 
under a nitrogen atmosphere. 
2.2 .l Data acquisition 
Since Ni(SP) 2 is unstable in air, the crystals were coated with 
araldite before mounting on quartz fibres to minimize exposure to air. 
A preliminary photographic study, using oscillation, Weissenberg and 
precession photographs revealed c2h(2/m) Laue symmetry and showed 
systematic absences h+ i odd for hOi and k odd for OkO. These 
extinctions are consistent with the monoclinic space group P2 1/n 
which is a non-standard setting 5 of P2if c ( c2h; No . 14) 56 . 
Cell parameters were also obtained from these photographs and were 
later refined by a least-squares fit of 12 reflections in the range 
60°<26 <67° which were centred on the Picker FACS-1 diffractometer 
(graphite monochromated CuKa1 radiation). 
A density of 1.31 g.cm- 3 calculated for 4 formula units in the 
cel l is in acceptable agreement with the measured value of 1. 32 -3 g-cm 
obtained by flotation in ZnC1 2 solution. For space group P2 1/n the 
symmetry operations give rise to 4 equivalent positions in the unit 
ce 11 : 
X y z 
-x -y -z 
. 5-x .5+y .5- z 
. 5+x .5-y .5+z 
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Thus no crystallographic conditions need be imposed on the molecule. 
Reflection data were collected by using the Picker FACS-1 
diffractometer with graphite monochromated CuKa radiation. 5930 
reflections (±h+k+t ) with 3°<20< 125° were recorded. Sorting and 
averaging yielded 3299 unique data with I~ 3o(I) and Rs= 0.033. 
Crystal degradation (isotropic) of ca 13.7% was observed over the 
course of the experiment. Data were corrected in the usual way for 
Lorentz, polarization, crystal degradation and, subsequently for 
absorption effects. Crystal data together with additional experimen-
tal detail is listed in Table 2. 2. 
2.2 .2 Solution and refinement of the s tructure 
The structure was solved by direct methods using the program 
MULTAN77 14 . An overall temperature factor (B = 3.4943 A2) and scale 
factor (k = l.0104) were determined from a Wilson plot and a set of 
350 reflections with E > l.85 was chosen for the phase determining 
process. An E map computed with the phase set of the highest combined 
figure of merit (ABS FOM = l. 1447, PSI ZERO= 446. l, RESID = 19.43 
and COMBINED FOM = 2.41 39) revealed Ni and two P atoms. These atom 
positions agree well with those obtained from the Patterson map . 
The structure was refined by full-matrix least-squares methods 
using the program SFLS. The positions of Ni and two P atoms derived 
from the E map together with sca le factor and individual isotro pic 
temperature factor B (arbitrarily assigned to be 3.0 A2) were refined 
for l cycle giving the R factor of 0.423. A difference Fourier 
synthesis calculated using the program ANUFOR based on this scattering 
model revealed all carbon atoms. A cycle of unit weight least-squares 
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refinement of all non-hydrogen atoms with isotropic temperature factor 
gave the R value of 0.104. 
A further cycle of refinement in which anisotropic thermal 
parameters were assigned for Ni and two P atoms and the weighting 
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scheme w = l/a2(F0 ) was applied to each reflection, led to the R 
factor of 0.085. 
At this stage of the refinement, absorption correction was 
applied to the intensity data using the program TOMPAB. Two cycles 
of refinement using these absorption corrected data gave the R factor 
of 0.081. A difference Fourier synthesis calculated at this point 
revealed three olefinic hydrogens (Hl9, H201, H202). These hydrogens 
were included in the refinement and were refined isotropically. 
Phenyl hydrogens (located by calculation) were included but not 
refined. A two cycles of refinement decreased the R factor to 0. 067 and 
the three remaining vinyl hydrogens (H39, H401, H402) were located 
from a subsequent difference Fourier synthesis. 
In the next two cycles all non-hydrogen atoms were refined 
anisotropically, six vinyl hydrogens were refined with isotropic 
temperature factors, phenyl hydrogens were recalculated but not 
refined. The R factor dropped to 0.042. 
The refinement was completed in three more cycles with discrepancy 
factors of R = 0.041, Rw = 0.048 and the goodness of fit , S = 1.323. 
An extinction correction was not applied to the data because observed 
and calculated structure factor amplitudes did not show severe 
extinction effects. The maximum ratio of parameter shift-to-error= 
R-3 0.04. The final difference map showed no peak greater than 0.25 e.A . 
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2.3.l Data acqui s i tion 
Pd(SP) 2 is also unstable in air, so the crystals were coated 
with araldite before mounting on quartz fibres. Oscillation and 
Weissenberg photographs showed the diffraction symmetry to be T and 
showed no systematic absences. Crystals are therefore triclinic with 
space group Pl or PT. - 1 The centrosymmetric space group Pl (Ci; 
No. 2) 56 was assumed and was confirmed by the successful solution 
and refinement of the structure. 
Accurate cell dimensions were obtained from the least-squares 
analysis of 12 well-centred reflections (37 ° < 2s < 44°) measured on 
the Picker FACS-1 diffractometer (graphite monochromated MoKa1 radiation) . 
The measured density (1.40 g.cm-3) obtained by flotation in ZnBr2 aqueous 
solution corresponds to the calculated value of 1.41 g.cm-3 for Z 
(number of molecules in a unit cell) equal to 2. 
Intensity data were also measured on the Picker FACS-1 diffracto -
meter using graphite monochromated MoK~ radiation. Experimental 
details are summarized in Table 2.2. A total of 8939 recorded 
reflections (including standards) with 2° < 2s < 55 ° yielded 5537 unique 
reflections with I ~ 3o(I) and Rs= 0.032. Standard reflections were 
observed to degrade by 2.3% (Io O 0), 4.3% (140) and 2.6% (2 0 4) 
during the period of data collection. 
2.3.2 Solution and re f inement of the s tructure 
The structure was solved by the heavy atom method using the 
program ANUFOR and was refined by full-matrix least-squares methods 
using the program SFLS. The Patterson functi on calculated in the 
space group Pl over the range 0.0 ~ u ~ 0.5, 0. 0 ~ v ~ 1.0 and 
0.0 ~ w ~ 1.0 gave a maximum peak at .4628, .9454, .7220 which 
corresponds to the Pd-Pd vector. Therefore the position of the Pd 
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atom is . 2314, .4727, . 3610. This position, together with the scale 
factor and isotropic thermal parameter, was refined for l cycle using 
unit weights for all reflections giving a discrepancy factor R = 0.354. 
A difference Fourier synthesis was then computed and all the remaining 
non-hydrogen atoms were located. 
Two cycles of refinement in which all non-hydrogen atoms were 
included and were refined isotropically led the R value to 0.094 . For 
two more cycles, anisotropic temperature factors were assigned to Pd 
2 and two P atoms and the weights were changed to l/a2(F 0 ). This 
reduced the R factor to 0.057. In the next cycle all hydrogen atoms 
except the three hydrogens (H39, H401, H402) of the coordinated olefin 
group were included in the scattering model (at calculated positions) 
but were not refined. Only the location of H39 could be found from a 
subsequent difference Fourier synthesis . This hydrogen was then also 
included in the scattering model and was refined isotropically. At 
this stage the R factor dropped to 0.050. 
An absorption correction was applied to the observed structure 
factors using the program TOMPAB and the refinement was continued using 
these absorption corrected data. A cycle of the refinement in which 
all non-hydrogen atoms were refined anisotropically led to the R 
factor of 0.034 . At this point a difference Fourier synthesis 
revealed the remaining hydrogens (H401 and H402). They were included 
and refined isotropically. Except for those of the three hydrogen 
atoms of the coordinated vinyl group all hydrogen positions and 
isotropic parameters were recalculated prior to the next cyc l e of 
the refinement. This gave the R factor of 0. 032 . 
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An extinction correction was not applied since the comparison of 
observed and calculated structure factor amplitudes showed no evidence 
of extinction effects . The refinement converged after 5 further 
cycles with R = 0. 032, Rw = 0. 036 and S = 1.067 . The ratio of maximum 
paramete r shift-to-error was 0.1 9. The final difference Fourier 
synthesis revealed no residual electron density greater than 0.35 e.A- 3. 
2.4 Crystal and molecular structure of Pt[o-CH2=CHC6H4P(C6H5)2J2. 
0.5 C6H5cH3 
2.4 . l Data acquisition 
Oscillation and Weissenberg photographs of Pt(SP) 2 showed that it 
crystallized in the triclinic system with space group Pl or Pl. The 
centrosymmetric alternative (Pl) was assumed and was confirmed 
subsequent ly by the solution and refinement of the structure. The 
crystal selected for intensity measurement was mounted on a quartz 
fibre using araldite as an adhesive. 
The intensity data and cell dimensions were measured on the 
Philips PWll00/20 diffractometer using graphite monochromated MoKa 
and MoKa1 radiations respectively. Cell parameters obtained from a 
l east-squares refinement of 25 reflections having 2s values between 
18° and 35° were a= 14.479, b = 14.417, c = 11 . 245 A, a= 69 . 39° , 
S = 68.38°, y = 58.53° . These cell parameters were used during the 
course of data col l ection . 
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A total of 6482 ref l ections in the range 4° < 28 < 50° were 
recorded in the form ±h±k+i . Three standard reflections (1 O 6, 
160and61 0) were measured every two hours to monitor intensity 
fluctuations. The intensities of these standards dropped by 11.8, 
9. 7 and 13.8% respectively during data collection. Before using the 
data in the structural analysis cell parameters were reduced to 
a= 11.245, b = 14.127, c = 14.417 A, a = 119.05°, S = 110.62° and 
Y = 91.05° so that the angles are closer to 90° and obtuse. The 
indices of all reflections were also transformed corresponding to the 
new cell using the transformation matrix O O 1, I 1 0 and O I 0. 
The data were then corrected for Lorentz, polarization and crystal 
degradation effects using CRYSTAN program and were averaged assuming 
space group PI using the program SORTER. 
The observed density (1.49 g.cm-3) obtained by flotation in ZnBr2 
aqueous solution indicates the presence, in the crystals, of ca 0.5 
molecule of solvent (toluene) per molecule of comp lex (Dc for 
-3 Pt[o-CH2=C HC 6H4P(C 6H5)2J2.0 .5 C6H5CH 3 = 1.49 g.cm ). Other experi-
mental detail is included in Table 2.2 . 
2.4 . 2 Solution and refinement of the structure 
The structure was solved by the heavy atom method and was refined 
by full-matrix least-squares analysis. The Pt atom, derived from a 
three-dimensional Patterson synthesis, together with an overall scale 
factor and an isotropic temperature factor were refined for 1 cycle . 
Unit weights were assigned for all reflections. This gave a 
discrepancy factor R = 0.230. 
A difference Fourier synthesis based on this scattering model 
revealed all non-H atoms except C29 and those of the toluene solvent 
molecule. A cycle of the refinement of those atoms with isotropic 
thermal parameters gave the R value of 0.083. The position of C29 
was derived from the subsequent difference Fourier synthesis. A 
38 
further three cycles in which Pt, Pl and P2 were refined anisotropically 
whereas all carbon atoms were refined isotropically brought the R 
factor to 0.055. 
At this stage the absorption correction was applied to the 
intensity data using the SHELX program and the refinement was 
continued using these absorption corrected data. All hydrogen 
positions except those of the olefinic hydrogens and those of toluene 
hydrogens were calculated and the corresponding atoms were included as 
fixed contributors to the scattering model . The weighting scheme 
w = l/ cr~(F 0 ) was assigned to all reflections. A difference Fourier 
synthesis calculated at this stage gave five peaks which seemed likely 
to be the locations of the toluene carbon atoms. Therefore, carbon 
atoms were included at these sites, and were refined isotropically. 
The site occupation factor of these atoms was fixed at 0.3. A 
subsequent difference Fourier synthesis revealed the remaining carbon 
atoms of toluene and showed, also, that phenyl ring atoms (C2l-C26) 
were disordered between two possible sites. 
It was decided to refine this phenyl ring as a rigid group and, 
hence, the SHELX program was used for further refinement. To convert 
to anisotropic temperature factors for all non-hydrogen atoms would 
have resulted in the number of variables exceeding the allowed maximum 
limited. Therefore, the blocked full-matrix least-squares method was 
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used in the refinement. Three groups of paramete rs were defined. 
One group contained the scale factor and the parameters of Pt, Pl and 
P2 atoms. The second group contained the parameters of the phenyl 
groups attached to the Pl atom. The last group contained those of the 
phenyl groups attached to the P2 atom and the toluene solvent molecule. 
In the refinement the parameters in the first group were refined in 
every cycle. Scattering contributions from atoms in the second and 
third groups were also included in the refinement but when the 
parameters in the second group were refined, the parameters in the 
third group were fixed and vice versa. 
In the next four cycles, the disordered phenyl groups (C21-C26 
and C21 '-C26 ') were refined as rigid groups (C-C bond length= 1.38 A) 
with occupancies summing to unity. The olefinic carbon atoms were 
refined isotropically. All other non-hydrogen atoms except the carbon 
atoms of toluene were refined anisotropically. All phenyl hydrogen 
atoms except the disordered phenyl hydrogens and the toluene hydrogen 
atoms were included at calculated positions and were allowed to "ride" 
on the attached carbon atoms. A common mean-square amplitude of 
vibration (u 2 ) was assigned to these hydrogens and was refined. For 
the toluene molecule, the seven peaks from the di fference Fourier 
syntheses mentioned before were included as carbon atoms and were 
refined with C-C bond distances in the ring constrained to 1.395 A 
while the distance from the methyl carbon to the ring was constrained 
to 1.53 A. u2 of each atom was fixed at 0.05 A2 but the site 
occupation factor was refined. This brought the R value to 0. 038 . 
A difference Fourier synthesis at this point showed all olefinic 
hydrogens and they were included in the next four cycles and were 
refined isotropically. Hydrogen atoms bound to toluene carbons 
(except those of the methyl group) were also included at calculated 
positions and were constrained to "ride" on the relevant carbon 
atoms. A common u2 was assigned to these hydrogen atoms and was 
refined. A common u2 was also applied to the toluene carbon atoms 
and was refined. This gave the R factor 0.029 . 
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In the next four cycles the hydrogen atoms of C2l-C26 and C2l '-C26' 
rings were placed at calculated positions and were constrained to 
"ride" on the relevant carbon atoms. A common u2 was assigned to these 
hydrogen atoms and was refined. The R factor at this stage was 0.028. 
The site occupation factors of the atoms in C2l-C26 and C2l '-C26' 
rings were refined to be 0.58 and 0. 42 respectively and the site 
occupation factor of toluene atoms was refined to be 0.54. Therefore, 
for further refinement the site occupation factors of atoms in C2l-C26 
and C2l '-C26' rings and of toluene atoms were fi xed at 0.58, 0. 42 and 
0.50 respectively . 
The refinement finally converged giving the Rand Rw = 0.026 and 
0.030 respectively for 5273 reflections. The weighting function 
applied in the final cycle was w = l.l058/o~(F
0
) . An examination of 
the final values of IF I and IF I indicated that no correction for 
0 C 
secondary extinction was necessary. The final difference Fourier 
synthes i s revealed no residual electron density greater than 0. 60 e .A- 3. 
The maximum ratio of shift to estimated standard deviation was 0. 050 . 
Structure solution and refinement for all these complexes is 
summar ized in Table 2.3. 
Table 2.2 
Crystal data and details of data collection and reduction 
for Ni[ o-CH2=CHC 6H4P(C6H5)2J2, Ni(SP) 2 ; Pd[ o-CH2=CHC6H4P(C6H5)2]2, Pd(SP) 2 
and Pt[ o-CH2=CHC 6H4P(C6H5)2J2.0.5C6H5CH3, Pt(SP) 2 
Chemical formula 
Formula weight 
Systematic absences 
Space group 
Radiation used for measurement 
of cell dimensions 
Ni(SP) 2 
C40H34NiP2 
635. 38 
hO .Q, h+ .Q, = odd 
OkO k = odd 
P2/n 
CuKa1 (\ = 1.54051 A) 
Pd(SP) 2 
C40H3ild 
683.07 
none 
PI 
MoKa1 (\ = 0.70926 A) 
Pt(SP) 2 
c40H34P2Pt.0.5C6H5cH3 
817.83 
none 
PI 
MoK a1 (\ = 0.70926 A) 
+:> 
...... 
Table 2.2 (continued) 
Boundary faces of crystal 
(distance from origin (mm)) 
Number of reflections used for 
refinement of cell dimensions 
Ni(SP) 2 
I o I (0.055) 
1 0 1 (0) 
I 1 1 (0.105) 
1 I I (0.05) 
1 1 I (0) 
I I 1 (0.175) 
1 o I (0) 
12 reflections (2 0 range 
from 60 to 67 °) 
Pd(SP) 2 Pt(SP) 2 
0 0 1 (0) I o I (0) 
o o I (0.12) 1 0 1 (0) 
1 O O ( 0. 06) 1 0 0 (0) 
I o o (0.02) I o o (0.128) 
0 1 0 (0.22) o I I (0.032) 
o I o (0) 0 1 1 (0.168) 
I o 1 ( o) I Io (0.08) 
1 1 O (0.112) 
1 I o (0) 
12 reflections (2 0 range 25 reflections (2 0 range 
from 37 to 44 °) from 7 to 34 °) 
+:> 
N 
Table 2.2 (continued) 
Ni(SP) 2 Pd(SP) 2 Pt(SP) 2 
Unit cell dimensions: 
- from the diffractometer a= 13.432(2) A a = 21.456(3) A a = 14.479(7) A 
b = 11. 486 ( 2) A b = 9.483(2) A b = 14.417(4) A 
c = 21.630(3) A c = 9.202(2) A c = 11.245(2) A 
13 = 104.34(1) 0 a = 60.84(1) 0 a = 69.39(2) 0 
13 = 87.67(1) 0 13 = 68. 38 ( 1) 0 
y = 81.12(2) 0 y = 58.53(1) 0 
-reduced eel l - - a = 11.245(7) A 
b = 14.127(4) A 
c = 14.417(2) A 
a = 119.05(2) 0 
13 = 110.62(1) 0 
y = 91.05(1) 0 
Vo1ume 3233.10 A3 1614.12 A3 1823.01 A3 
F(000) 1328 700 814 
+'> 
w 
Table 2.2 (continued) 
Measured density, Dm 
Formula units per cell, Z 
Calculated density, Dc 
Radiation used for data collection 
Diffractometer used for data 
collection 
Linear absorption coeffient, µ 
Absorption correction method 
Ni(SP) 2 
-3 1.32 g.cm (flotation 
in zncl 2 aqueous 
solution) 
4 
-3 1. 31 g .cm 
CuKa (A = 1.5418 Al 
Picker FACS-1 
(graphite monochromator) 
19.50 cm-l (CuKa ) 
de Meu l enaer and Tompa 
Pd(SP) 2 
-3 ( 1.40 g.cm flotation 
in ZnBr2 aqueous 
solution) 
Pt(SP) 2 
1.49 g.cm-3 (flotation 
in ZnBr2 aqueous 
solution) 
2 2 
-3 -3 1.41 g.cm 1.49 g. cm 
MoKa (A = 0.7107 A) MoK& (A = 0.7107 A) 
Picker FACS-1 Philips PWll00/20 
(graphite monochromator) (graphite monochromator) 
6.95 cm-1 (MoK&) 39.70 cm-l (MoK&) 
de Meulenaer and Tompa numerical absorption 
correction 
+::> 
+::> 
Table 2.2 (continued) 
Ni(SP) 2 Pd(SP) 2 Pt(SP) 2 
Transmission factors: max .905 .955 .713 
min .720 .924 .567 
Range of 28 in intensity measurement 3 - 125 ° 2 - 55 ° 4 - 50° 
Form of data collected ±h+k+ .Q, ±h-k H ±h ±k+ .Q, 
Axis parallel ¢ [ 1 I I] [O 1 OJ [1 1 OJ 
Monochromator, 28 26.70 ° 12.12 ° 12.18 ° 
Dispersion factor, 6 0.285tan 8 0.692tan 8 0.692tan 8 
Scan mode 8-2 8 scan 0-2 0 scan 8-28 scan 
Scan width, 28 1.60 + 0.285tan 8 1.60 + 0.692tan 8 1.80 + 0.692tan 8 
Scan speed 2° min-l 2° min-l -1 +'> 3° min u, 
Table 2.2 (continued) 
Total background count time 
Standard reflections (percentage 
drop in intensity) 
Frequency of measuring of 
standard reflections 
Number of reflections measured 
Number of unique reflections 
with I >,, 3o( I) 
Criterion of data quality 
Instrumental "uncertainty factor" 
Ni(SP) 2 
20 sec 
7 0 1 (13.8) 
4 0 6 (13.6) 
0 6 3 (13.6) 
every 97 reflections 
5930 
3299 
Rs= 0.033 
0.002 
Pd(SP) 2 
20 sec 
Hi O O (2.3) 
1 4 0 (4.3) 
2 O 4 (2.6) 
every 97 reflections 
8939 
5537 
Rs= 0.032 
0.002 
Pt(SP) 2 
14 sec 
1 0 6 (11.8) 
1 6 0 (9.7) 
6 1 0 (13.8) 
every 2 hours 
6482 
5273 
RC= 0.01 
0.0016 
+::-
CJ) 
Table 2.3 
Summary of structure solution and refinement 
for Ni[ o-CH2=CHC6H4P(C6H5)2]2, Ni(SP) 2 ; Pd[o-CH2=CHC 6H4P(C6H5)2]2, Pd(SP) 2 
and Pt[o-CH2=CHC 6H4P(C6H5)2]2.0.5C6H5CH 3, Pt(SP) 2 
Ni(SP) 2 Pd(SP) 2 Pt(SP) 2 
Method used to solve the structure Direct methods Patterson heavy atom Patterson heavy atom 
Least-squares refinement method Full-matrix Full-matrix Full-matrix 
Function minimized LW ( I F O I - I F C I ) 2 LW ( I F O I - I F C I ) 2 LW ( I F O I - I F c I ) 2 
Anomalous dispersion included for Ni,P,C Pd,P,C Pt,P,C 
Initial weights for refinement w = 1.0 w = 1.0 w = 1.0 
Final weights for refinement 2 w = 1/cr2 (F O) 
2 w = 1/cr2 (F 0 ) 
2 w = k/ cr2 (F 0 ) 
+:> 
--..J 
Table 2.3 {continued) 
Ni(SP) 2 
Final scattering model 
-all non-H anisotropic 
-olefinic H isotropic 
-other H calculated, 
included, not refined 
Pd(SP) 2 
-all non-H anisotropic 
-H39, H401, H402 
isotropic 
-other H calculated, 
included, not refined 
Pt{SP) 2 
For Pt[ o-CH2=CHC 6H4P(C6H5)2J2 
-C21-C26 and C21'-C26' 
rings treated as rigid 
groups (C-C = 1.380 A), 
site occupation factor 
fixed at 0.58 and 0.42 
respectively, H attached 
to these atoms placed at 
calculated positions and 
allowed to "ride" on attached 
C atoms (C-H = 0.95 A), 
a common temperature factor 
for these H refined 
-olefinic H isotropic 
-all other H placed at 
calculated positions and 
allowed to "ride" on the 
attached C atoms, a common 
+:> 
0:, 
Table 2.3 (continued) 
Ni(SP) 2 Pd(SP) 2 Pt(SP) 2 
temperature factor for 
these H refined 
-Pt, Pl, P2 and all other 
C refined anisotropically 
For toluene 
-C-C bond in the ring 
constrained to 1.395 A, 
C-C distance from methyl C 
to the ring constrained 
to 1.53 A, a group 
temperature factor for 
all C refined 
-all H included at calculated 
positions and allowed to "ride" 
on the attached C atoms, a 
common temperature factor 
for these H refined 
-site occupation factor fixed 
at 0.5 _.,. 
'-0 
Table 2.3 (continued) 
Final R 
Final Rw 
Final S 
Final weighting scheme 
Ratio of observations variables 
Ratio of maximum parameter shift 
to error in final cycle 
Final difference map: 
- highest peak 
- small est peak 
Ni(SP) 2 
0.041 
0.048 
1.323 
w = 1/a/(F
0
) 
3299:412 
0.04 
0.21 e.A-3 
-0.24 e.A-3 
Pd(SP) 2 
0.032 
0.036 
1.067 
2 w = 1/a 2 (F0 ) 
5537:400 
0.19 
o.32 e.A-3 
-0.31 e.A-3 
Pt(SP) 2 
0.026 
0.030 
w = 1.1058/a2
2(F
0
) 
5273:224 
0.05 
0.60 e . .8.-3 
-0.57 e.A-3 
u, 
0 
Z.5 Results and discussion 
Crystals of Ni(SP) 2 and Pd(SP) 2 consist of distinct monomeric 
molecules separated by normal van der Waal 's distances. The crystal 
structure of Pt(SP) 2 consists of two discrete monomeric molecules of 
the complex and one toluene molecule in a unit cell. The toluene 
molecule is disordered about an inversion centre in the la ttice . 
There are no unrea sonably short intermolecular distances, the 
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shortest being 2.5 A between HS and H31 for Ni(SP) 2, 2.4 A between H23 
and H39 for Pd(SP) 2 and also 2.4 A between Hl9 and H24' for Pt(SP) 2. 
The stereoscopic views of the unit cell contents of each of these 
complexes are shown in Figures 2.7(a), 2.7( b) and 2.7(c) . The 
molecular structures are illustrated in Figures 2.5(a), 2.5(b) and 
2.5(c) . The vibrational ellipsoids in both the stereoscopic views 
and the molecular structures are drawn at the 30% level except for 
hydrogen atoms and the toluene carbon atoms in Pt(SP) 2 whose radii are 
arbitrarily depicted at 0.11 and 0.19 A respectively. Figure 2. 6 
shows the comparison of the molecular structures of Ni(SP) 2, 
Pd(SP) 2 and Pt(SP) 2. The final structural parameters along with their 
estimated standard deviations are reported in Table 2.4. Important 
bond distances and bond angles of these complexes are compiled in 
Table 2.5. The pertinent least-squares planes are given in Table 2. 6. 
Table 2.7 shows a comparison of some structural parameters observed 
in these comp lexes and in variou s zerovalent metal complexes. 
The coordination geometry about Ni and Pt 
In Ni(SP) 2 and Pt(SP) 2 complexes, the SP group acts as a 
bidentate li gand, coordinated to the metal atom through the phosphorus 
atom and t hrou gh the vinyl group . In Pd(SP) 2, one SP is a bidentate 
ligand the other SP is a monodentate P-bonded ligand. This result 
reflects a lower affinity towards olefins for Pd(O) than for Ni(O) 
and Pt(O). 
The Ni(SP) 2 and Pt(SP) 2 molecules are structurally similar. If 
a vinyl group is regarded as a monodentate n-donor, both Ni and Pt 
atoms are four-coordinate, being bonded to two phosphorus atoms and 
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two vinyl groups . The coordination geometry about the Ni and Pt atom 
is distorted tetrahedral. The dihedral angle between the plane 
comprising the nickel and the two phosphorus atoms and the plane 
consisting of the nickel and the two olefinic midpoints is 69.0(1) 0 
whereas the corresponding angle in the platinum analog is 61. 8(1) 0 • 
The expected angle for an ideal tetrahedral arrangement is 90° . The 
angles formed by the two olefinic midpoints with the metal as the verte x 
and by the two phosphorus atoms with the metal as the vertex are 
113. 2(2) and 109.30(4) 0 in Ni(SP) 2 and 112.1(2) and 110. 08 (4) 0 in 
Pt (SP) 2. These angles show some deviation from the te t rahedral val ue 
of 109°27'. If MPV is the midpoint of the olefin bond, t he chelate 
bite angles, P-M-MPV, are 95.5(1) and 91.6(1) 0 in Ni( SP) 2 and are 
90.6(1) and 88.7(1) 0 in Pt(SP) 2. Although these angles in Ni(SP) 2 and 
Pt(SP) 2 are comparable, they are smaller than the ideal value of 
109°27 1 for a tetrahedral structure. The molecular structures of 
Ni(SP) 2 and Pt(SP) 2 are consistent with those suggested from NMR and 
IR data. 
The coor dination geometry (about Pd) and olefin group orientation in 
Pd(SPJ2 
The molecular structure of Pd(SP) 2 is different from that of 
Ni(SP) 2 and Pt(SP) 2 as shown in Figure 2.5(b). In Pd(SP) 2, two 
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rhosphorus atoms and one vinyl group (C39-C40) are coordinated to the 
Pd atom. The distances Pd-Cl9 (3.470(3) A) and Pd-C20 (4.466(4) A) to 
the second vinyl group show that there are no bonding interactions 
between the Pd atom and this vinyl group. If a vinyl group is counted 
as a single ligand, the coordination about the Pd atom is approxi-
mately trigonal. 
In square planar complexes the olefinic C=C axis is usually 
oriented nearly perpendicular to the square plane, whereas in trigonal 
planar structures the olefinic axis is approximately in the trigonal 
plane. However, some twist of the C=C bond out of the coordination 
plane is commonly observed in trigonal dlO structures. Dihedral 
angles between [L,M,L] and [C,M,C] planes ranging from l.6° in 
Pt(PPh3)2(H2C=CH2) 51 to 32(1) 0 in Ni(CDT) 57 , CDT= trans,trans , trans-
1 ,5,9-cyclododecatriene, have been observed. For Pd(SP) 2 the dihedral 
angle between the planes [Pl ,Pd,P2] and [C39,Pd,C40] is 24.7(2) 0 , but 
the deviation from planarity cannot be described simply by a twist of 
these two planes, since both carbon atoms are on the same side of 
the [Pl ,Pd,P2] plane, i.e. the C39 and C40 atoms lie about 0.39 and 
0.82 A above this plane. The distortion from planarity in which both 
olefin carbon atoms are displaced on the same side of the trigonal 
plane has also been observed in Ni(PPh3)2(H2C=CH2)4 9 , 
Ni[P(0-o-Tol) 3J2[H2C=CH(CN)J 58 , Ni(PPh3)2[(Ph0C)HC=CH(C00CH3)]
59 and 
Pt(PPh3)2[(C6H4No2)HC=CH(C6H4N02)J 60 . Such distortion is probably due 
to non-bonded interactions. 
In Pd(SP) 2 the chelate bite angle P-Pd-MPV (100.30(6)
0
) is 
smaller than the ideal value of 120° for the trigonal geometry. The 
small bite angle in this complex and also in Ni(SP) 2 [av. 93.6(1)
0
] and 
Pt(SP) 2 [av . 89.7(1) 0 ] indicate some strain in these molecules produced 
J 
,(.--24.7(2) 0 
Figure 2.8 The relative orientation of [Pl, Pd, P2] and 
[C39, Pd, C40] planes. 
by the chelation of the SP ligand. 
The M-P distances 
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In Ni(SP) 2, the two phosphorus atoms are at different distances 
from the nickel atom, i.e. Ni-Pl = 2.194(1) A and Ni-P2 = 2.204(1) A. 
The average value of these distances (2.199(1) A) is short~r than 
the analogous value of 2.25(1) A found in Ni(TDPME)(F2C=CF2)61 , where 
TDPME = l ,1 ,1-tris(diphenylphosphinomethyl)ethane but is longer than 
the corresponding values of 2.153(4) A, 2. 181(4) A, 2.1 84(1) A, 
2.180(2) A and 2. 156(6) A observed in Ni(PPh3)(H2C=CH2)49 , 
Ni[P(C6H4CH3)3]2[PhHC=CHPh] 62 , Ni(PPh3)2[(Ph0C)HC=CH(C00CH3)J 59 , 
Ni(PPh3)2[H2C=C(CH3)(C00C2H5)] 63 and Ni[(C6H11 )2PCH2CH2P(C6H11 )2J-
[(CH3)2C=C(CH3)2] 64 respectively. 
Similarly, the Pt-Pl and Pt-P2 distances are significantly 
different (Pt-Pl = 2.278(1) and Pt-P2 = 2.290(1) A). The average 
value of 2.284(1) A is equal within experimental error to the corres-
ponding value of 2.289(8) A found in Pt(PPh3)2[(CN) 2C=C(CN) 2]65 •66 , 
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2.286(7) A in Pt(PPh3)2(Cl2C=CCl2) 67, 2.280(4) A i n Pt(PPh3)2-
[(C5H4NO2)HC=CH(C5H4NO2)J60 and 2.282(9) A in Pt(PPh3)2[H2C=C=CH2J 68 , 
but is longer than that found in Pt(PPh3)2(H2c=cH2) (2.268(4) A.) 51, 
Pt(PPh3)2(cyclohexyne) (2.268(2) A) 69 •70, Pt(PPh3)2(cycloheptyne) 
(2.267(1) A) 69 and Pt(PPh3)2(cyclooctyne) (2.265(2) A.) 71 . 
For Pd(SP) 2, the Pd-P distances (Pd-Pl = 2.3029(7) and Pd-P2 = 
2.3054(7) A) are equal within experimental error (the average value= 
2.3042(7) A), though the distance from the Pd atom to the P atom of 
the chelating SP(P2) was expected to be shorter than that to the P 
atom of the monodentate SP(Pl). The shortening of the distance between 
the metal atom and the phosphorus atom of the chelated SP has been 
observed in Fe(CO) 2(SP) 272, 73, where the Fe-P distance of the 
chelating SP is about 0.034 A shorter than that of the monodentate SP. 
The Pd-P distances in Pd(SP) 2 are shorter than those found in 
Pd(PPh3)2[H2C=C=CH2J (2.314(2) and 2.324(2) A) 74 and in Pd(PPh3)2-
[CH3OOCC =CCOOCH3J (2.321(2) and 2.330(2) A) 75 . 
The observed Ni-P, Pt-P and Pd-P distances in Ni(SP) 2, Pt(SP) 2 
and Pd(SP) 2 are very much shorter than the values of 2.346, 2.488 and 
2.476 A calculated from the sums of the metallic radii (Ni = 1.24676d, 
Pt= l.38876f and Pd= 1.376 A76f) and the covalent radius of the 
phosphorus atom (1 .10 A) 76e . Subtraction of the metallic radii from 
the M-P distances gives the values 0. 953, 0.896 and 0.928 for 
Ni(SP) 2, Pt(SP) 2 and Pd(SP) 2 respecti vely. From these values it 
wou ld seem that the bonding of platinum to the phosphorus donor of the 
SP li gand is stronger than that of nickel and pal l adium. However, it 
shou ld be noted that these values are derived from subtraction of the 
metallic radii, not the coval ent radii since the l atter values are not 
available. 
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The SP ligand geometry 
The geometry of the SP ligands in Ni(SP) 2 is similar to that of 
the free triphenylphosphine ligand 77 . In Ni(SP) 2 the P-C distances 
are equal within the limits of errors. The mean value of 1.823(4) A is 
in excellent agreement with the average value of 1.828 A. observed for 
free triphenylphosphine. As is generally observed in both free and 
coordinated triphenylphosphine ligands, the C-P-C angles in Ni(SP) 2 
are all significantly less than the ideal tetrahedral value of 109°27'. 
The Ni-P-C angles except Ni-Pl-Cl3 and Ni-P2-C33 are greater than 
109°27'. The angles Ni-Pl-Cl3 and Ni-P2-C33 are considerably smaller 
than 109°27' and may be due to the steric strain of the chelating SP 
ligand. The carbon-carbon distances within the phenyl rings vary from 
1.354(7) A. for C23-C24 to 1.405(5) A. for Cl7-Cl8 with an average value 
of 1 .380(6) .A.. The C-C-C angles range from 117.6(4) to 121.3(4) 0 
and average to 120.0(4) 0 • All phenyl rings except Cl-C6 ring are 
just significantly nonplanar. 
The geometry of the SP ligands in Pt(SP) 2 and Pd(SP) 2 is similar 
to that of Ni(SP) 2 except for the planarity of the phenyl rings. In 
Pt(SP) 2 only the Cl3-Cl8 and C33-C38 rings are nonplanar, all other 
phenyl rings are planar. In Pd(SP) 2 all phenyl rings in bo t h mono-
dentate and bidentate SP ligands are planar. The P-C bond lengths in 
Pt(SP) 2 are equal within experimental error. The C-C bond lengths 
range from 1.342(12) to 1 .401(7) A. with the mean value of 1 . 383 (8) A, 
the C-C-C bond angles range from 117.5(7) 0 to 122.1(5) 0 with the 
average value of 119.9(6) 0 • In Pd(SP) 2, the P-C, C-C bond lengths and 
the C-C-C bond angles are unexceptional with mean values of 
1.840(3) A., 1 .381(5) A. and 119.9(3) 0 for monodentate SP ligand and 
1.828(3) A., 1.383(5) A. and 119.9(3) 0 for the chelated SP ligand. 
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The metal to olefin bonding 
In Ni(SP) 2 one vinyl group is symmetrically coordinated to nickel 
with bond lengths Ni-Cl9 = 2.033(4) A and Ni-C20 = 2.038(5) A. However, 
the other vinyl group is asymmetrically bound to nickel since the 
terminal Ni-C40 bond length (2.034(5) A) is significantly shorter 
( I 4 2 h ( 2 0 22 )t ) th h N. C39 b d t. o = . , w ere o = odiff = o1 + an t e 1- on 
distance (2.059(4) A). A shortening of the 8- vis -a-vis a-carbon to 
metal distance, is also observed in some SP complexes of Pt(II), e.g. 
Pt(SP)R2 where R = CH3 and CF378. In Pt(SP) 2 both vinyl groups are 
asymmetrically coordinated to the platinum atom although the difference 
between the Pt-C distances in each vinyl group is on the borderline 
of being statistically significant, i.e. Pt-Cl9 = 2.139(4) A, 
Pt-C20 = 2.165(7) A ( t. /o = 3. 3) and Pt-C39 = 2.152(4) A, Pt-C40 = 
2.179(7) A (6/o = 3.4). The palladium-olefin bonding in Pd(SP) 2 is 
also asymmetrical since the distance from the Pd atom to the terminal 
C40 (Pd-C40 = 2. 213(4) A) is significantly longer (t./o = 14.4) than 
that to C39 (Pd-C39 = 2. 141(3) A). 
It is interesting to note that the asymmetrical bonding in 
Pt(SP) 2 and Pd(SP) 2 is in contrast to that observed in Ni(SP) 2, 
Pt(SP)(CH3)278 and Pt(SP)(CF3)278 since in the latter three complexes 
the shorter distances are those to the 8-carbon atoms of the coordina-
ted vinyl groups. 
Asymmetric metal-olefin bonding is also observed in some transi-
tion metal olefin complexes with an unsymmetrical olefin such as in 
the platinum complex Pt(PPh3)2[cl 2C=C (CN) 2J79 and in the nickel 
complexes Ni[P(0-o-Tol)3J2[H2C = CH(CN)J 58 , Ni(PPh3)2[(Ph0C)HC=CH-
(C00CH3)J 59 and Ni(PPh3)2[H2C=C(CH3)(C00C2H5)J 63 • For 
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Pt(PPh3)2[cl 2C=C(CN) 2] 79 the cc1 2 end is closer to the metal than is 
the C(CN) 2 end and the effect was attributed to the strong a-donation 
capability of the cc1 2 group. For Ni[P(O-o-Tol) 3J2[H2c=CH(CN)] 58 
however, the CH(CN) end is closer than the CH 2 end. This can be 
rationalized on the basis of the stronger n-accepting capability of 
the cyano group. For Ni(PPh3)2[(PhOC)HC=CH(COOCH3)J 5 9 the CH(COOCH3) 
end is closer to the nickel atom than the CH(COPh) end, though the 
CH(COPh) end was expected to be closer since the benzoyl group is more 
electron-withdrawing than the ester group. A steric effect is 
probably responsible for this. For Ni(PPh3)2[H2C=C(CH3)(COOC2H5)] 63 
the CH2 end is closer than the C(CH3)(COOC 2H5) end. 
It is also of interest to note that in Pd(SP) 2 the bisector of 
the Pl-Pd-P2 angle is displaced from the midpoint of the coordinated 
C=C bond towards the terminal CH 2 group. This effect may be a 
reflection of the steric strain in the chelating SP ligand. The dis -
placement of the bisector of the ligand-metal-ligand angle from the 
centroid of the olefin double bond (Figure 2. 9) is also observed in 
Ni[P(O-o-Tol)3]z[HzC=CH(CN)J 58 , Pt(PPh3)z[ClzC=C(CN)z] 7 9 and 
Fe(C0) 4[H2C=CH(CN)J 80 where the cyano end of the olefin is closer to 
the bisector than the other end. Ittel and Ibers 4 4 suggested that the 
shift of the cyanoolefin in these complexes is caused by the inter-
action between the n*-orbital associated with the cyano groups and the 
d orbitals of the metal. 
Figure 2.9 A trigonal complex displaying displacement of 
the midpoint of the olefin bond from the bisector 
of the L-M-L angle. 
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The Ni-C bond lengths in Ni(SP) 2 are shorter than the correspond-
ing value of 2. 12 A observed in Ni(COD) 24 6 , but are significantly 
longer than the average values of the analogous distances found in 
Ni(PPh3)2(H2C=CH2) (l.970(5) A) 49 , Ni[(CH3)3C-N=CJ2[(CN)2C=C(CN)2J 
(l.954(4) A) 81 , Ni (TDPME)(F2C=CF2) ( l. 86(2) A) 61 , Ni(PPh3)2[(PhOC)HC= 
CH(COOCH3)J (l.979(3) A) 59 , Ni(PPh3)2[H2C=C(CH3)(COOC2H5)J 
(2.006(7) A) 63 and Ni[(C5H11)2PCH2CH2P(C5H11)2J[(CH3)2C=C(CH3)2J 
(l . 981(2) A) 64 . In Pt(SP) 2 the Pt-C distances are comparabJe with 
2. 116(9) and 2. 106(8) A found in Pt(PPh3)2(H2C=CH2) 51 , 2. 10(3) and 
2.12(3) A found in Pt(PPh3)2[(CN)2C=C(CN)2J 65 , 66 , 2.02(3) and 2.05(2) A 
found in Pt(PPh3)2(c1 2c=cc1 2)67 , 2.208(7) A (average) found in 
Pt(COD)2 45 , 2.093(14) and 2.165(12) A found in Pt(PPh3)2[(C5H4N02)HC= 
CH(C6H4No2)J 60 , and 2.03(3) and 2.13(3) A found in 
Pt(PPh3)2[H2C=C=CH2] 68 . The palladium-olefin bond lengths in Pd(SP) 2 
are simi l ar to the corresponding distance of 2.23(2) A (average) 
reported for Pd(DBA) 352,where OBA= dibenzylideneacetone, but are 
l onger than 2. 090 (8) A (average) found in Pd(PPh3)2[H2C=C=CH2]74 . 
The average val ues of Ni-C, Pt-C and Pd-C distances in Ni(SP) 2, 
Pt (SP )2 and Pd(SP) 2 (2.042 (4), 2. 152(5) and 2. 167(3) A respectively) 
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are similar to the values of 2.016, 2.158 and 2. 146 A calculated from 
the sum of the metallic radius and the covalent radius of the carbon 
atom (0.77 A) 7 6 h. The observed M-C distances less the metallic radii 
are 0.796, 0.764 and 0.791 A for Ni(SP) 2, Pt(SP) 2 and Pd(SP) 2 
respectively and suggest that the platinum-olefin bond is stronger than 
that of nickel and palladium. However, it should also be noted that 
the metallic radii, not the covalent radii were used in the subtraction. 
The vinyl group geometry 
The C-C bonds adjacent to the vinyl groups in Ni(SP) 2 (l . 494(5) 
and l.472(6) A) are equal. The corresponding distances in Pt(SP) 2 are 
also equal (l.480(6) and l.478(7) A) but those found in Pd(SP) 2 are 
significantly different, the distance in monodentate SP ligand 
(l.470(5) A) being shorter than the analogous distance in the 
bidentate SP ligand (l.503(4) A) . However, these C-C distances in 
all three complexes are comparable to the C-C bond distance observed 
in C=C-C=C system [av. l.465(5) AJ 76 i and are consistent with the 
corresponding values of l.496(9) A (for monodentate SP) and l .515( 8) A 
(for chelating SP) found in Fe(C0) 2(SP) 272 • 73, l.492(7) A in 
Pt(SP)(CH3)278 and l .459(8) A in Pt(SP)(CF3)2
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. 
The vinyl C=C distance of the monodentate SP ligand in Pd(SP) 2 is 
l.293(5) A, markedly shorter than that in a free vinyl group 
(l.335(5) A) 7 6j and than that in the monodentate SP group in 
Fe(C0)2(SP)2 (l .339(10) A.) 7 2 • 73 . 
The carbon-carbon distances in the coordinated olefins in Ni(SP) 2 
are equal (l.397(6) and l.402(6) A). These distances compare well 
with similarly coordinated olefinic bond lengths found in other Ni(0) 
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complexes such as in Ni(PPh3)2(H2c=cH2) (l.391(5) A) 49 , in 
Ni(TDPME)(FzC=CFz) (l.37(3) A) 6 1,in Ni(C0D)z (1.39 A)46, in 
Ni(PPh3)z[(Ph0C)HC=CH(C00CH3)J (l.422(4) A) 59 , in Ni(PPh3)z[HzC=C(CH3)-
(C00CzH5)J (l .412(1 0) A) 63 and in Ni[(C5H11lzPCHzCHzP(C5H11l2J -
[(CH3)zC=C(CH3)z] (l.421(3) A) 64 . However these distances are shorter 
than the corresponding distance of l.476(5) A found in 
Ni[(CH3)3C-N=C] 2[(CN) 2C=C(CN) 2]81 . The ethylenic C=C separations in 
Pt(SP) 2 are l . 404(11) and l . 429(11) A. The mean value of l.417(11) A 
is compatible with l.434(13) A found in Pt(PPh3)2(H2C=CH2)51 , l.394(9) A 
found in Pt(C0D) 245 , l.49(5) A in Pt(PPh3)2[(CN) 2C=C(CN) 2J65 , 66 , 
l.429(14) A in Pt(PPh3)z[(CF3)FC=CF(CF3)J 82 , l .416(15) A in 
Pt(PPh3)z[(C5H4N0z)HC=CH(C5H4N0z)] 60 , l.48(5) A in 
Pt(PPh3)2[H2C=C=CH 2] 68 and l . 375(4) A in K+[Pt(H2C=CH 2)cl 3] -. H2o s3 but 
is shorter than l.62(3) A observed in Pt(PPh3)2(cl 2C=CCl 2)67 . The C=C 
bond length of the coordinated vinyl groups in Pd(SP) 2 (l.387(5) A) is 
identical with the analogous value of l.38(2) A found in Pd(DBA) 3S2 
and l.401(11) A found in Pd(PPh3)2[H2C=C=CH2] 74 . 
As mentioned before, structural changes generally observed to 
occur for olefins upon coordination to the metal are elongation of the 
carbon-carbon bond and the distortion from planarity of the olefin 
moiety. This distortion and the lengthening of the carbon-carbon bond 
provide a measure of the strength of the metal-olefin bond interaction . 
The average C=C bond length in a free olefin isl .335(5) A76 j. 
Clearly, the olefinic bonds in Ni(SP) 2, Pt(SP) 2 and Pd(SP) 2 are 
lengthened upon coordination to the metal . The olefin bond lengths in 
these complexes vary in the order Pd < Ni < Pt, though the differences 
in the l engths are not statistically significant. 
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The angles a, B and B' for the Cl9-C20 vinyl group in Ni(SP) 2 
are 36(4) , 71 and 73 ° respectively whereas the analogous angles for 
the C39-C40 vinyl group are 37(4) , 73 and 71°. The corresponding 
angles for the Cl9-C20 vinyl group in Pt(SP) 2 are 47(6) , 63 and 71 ° 
and those for the C39-C40 vinyl group are 51(5) , 65 and 64° . In 
Pd(SP) 2 the corresponding angles for coordinated vinyl group (C39-C40) 
are 32(3) , 74 and 75° . Although the differences are not 
statistically significant the degree to which substituents are bent 
back away from the metal follows the same trend as that observed from 
the lengthening of the olefinic bond lengths, i.e. Pd < Ni < Pt. 
That neither trend has clear statistical significance is disappointing 
and reflects, largely, the difficulty of locating light atoms with 
high precision (by X-ray diffraction) in the presence of much heavier 
atoms whose scattering contributions dominate the reflection intensi-
ties. In the present complexes the small scattering power of the 
hydrogen atoms has a particularly adverse effect on the accuracy of the 
a , B and B' angles since the three of the four substituents on the 
vinyl groups of these complexes are hydrogen atoms. 
Nevertheless, the present results do suggest that the metal-
olefin bond strengths in SP complexes of the Ni( O) triad varies in the 
order Pd < Ni < Pt which is consistent with the result observed from 
NMR data 55 , but is at variance with the expectation from EA-IP values 
that the nickel-olefin bond should be stronger than the platinum-
olefin bond. Possibly, the present result (platinum-olefin stronger 
than nickel-olefin) reflects the fact that the M-P bond strengths 
appear to follow the order Ni < Pd < Pt (see p.55) whence the synergic 
effect might be expected to preferentially enhance the metal-olefin 
backbonding in the same order. 
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Figure 2.5{a) 
The molecular structure of Ni[ o- CH 2=CHC6H4P{C6H5)2J2. 
64 
Figure 2.5(b) 
The molecular structure of Pd[ o-CH2=CHC6H4P(C6H5)2J2. 
C37 p 
C36 
Figure 2.5(c) 
.0.5C6H5CH 3 . Only that orientation of phenyl group 
(C21-C26) with the higher occupancy factor is shown. 
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(a) 
(b) 
( C) 
Figure 2.6 
The molecular structures of (a) Ni[o-CH2=CHC 6H4P(C6H5)2J2 , 
(b) Pd[ o-CH2=CHC6H4P(C6H5)2] 2 and (c) Pt[o-CH2=CHC6H4P(C6H5)2J2. 
Figure 2.7(a) 
A stereoscopic view of the unit cell of Ni[o-CH 2=CHC6H4P(C6H5)2J2. 
O'\ 
-...J 
Figure 2.7(b) 
A stereoscopic view of the unit cell of Pd[o-CH 2=CHC 6H4P(C6H5)2J2. 
O"I 
ex, 
Figure 2.7(c) 
A stereoscopic view of the unit cell of Pt[o-CH2=CHC6H4P(C6H5)2J2.o.sc6H5CH 3. 
°' I.O 
Table 2.4 
(a) Atomic coordinates and thermal parameters for Ni[ o-CH2=CHC6H4P(C6H5)2J2 
Atom x/a y/b z/c S11 S22 1333 S12 S13 S23 
Ni 0.56127(4) 0.81052(5) 0.86917(3) 0.00511(4) 0.00629(6) 0.00220(2) 0.00058(4) 0.00079(2) 0.00010(3) 
Pl 0.71202(7) 0.77262(8) 0.93309(4) 0.00529(7) 0.00522(8) 0.00185(3) 0.00010(6) 0.00080(3) 0.00021(4) 
P2 0.52719(7) 0.68081(9) 0.79168(5) 0.00447(6) 0.00665(9) 0.00204(3) 0.00039(6) 0.00069(3) 0.00013(4) 
Cl 0.8252(3) 0.7295(3) 0.9057(2) 0.0049(2) 0.0058(3) 0.0021(1) -0.0002(2) 0.0009(1) 0.0000(1) 
C2 0.8328(3) 0.7651(4) 0.8462(2) 0.0073(3) 0.0121(5) 0.0026(1) 0.0016(3) 0.0016(2) 0.0014(2) 
C3 0.9185(4) 0.7386(5) 0.8242(2) 0.0098(4) 0.0173(7) 0.0032(2) 0.0023(4) 0.0034(2) 0.0021 ( 3) 
C4 0.9963(3) 0.6750(5) 0.8613(3) 0.0072(4) 0.0129(6) 0.0038(2) 0.0002(4) 0.0026(2) -0.0004(3) 
cs 0.9907(3) 0.6385(4) 0.9202(2) 0.0059(3) 0.0093(4) 0.0032(1) 0.0014(3) 0.0011(2) -0.0004(2) 
C6 0.9055(3) 0.6655(3) 0.9424(2) 0.0064(3) 0.0074(4) 0.0022(1) 0.0010(3) 0 .0010 ( 1) 0.0001(2) 
C7 0.7203(3) • 0.6749(3) 1.0008(2) 0.0051(2) 0.0059(3) 0.0020(1) 0.0003(2) 0 .0009 ( 1) 0.0005(2) 
C8 0.7029(3) 0.5573(4) 0. 9877 ( 2) 0.0093(4) 0.0071(4) 0.0023(1) -0.0006(3) 0.0010(2) 0.0003(2) 
C9 0.7067(4) 0.4782(4) 1.0364(3) 0.0103(4) 0.0062(4) 0.0040(2) -0.0001(3) 0.0021(2) 0.0014(2) 
ClO 0.7278(4) 0.5144(4) 1.0984(2) 0.0091(4) 0.0101(5) 0.0026(1) 0.0007(3) 0.0016(2) 0.0021(2) 
Cll 0.7424(4) 0.6294{4) 1.1118{2) 0.0109(4) 0.0117{5) 0.0021(1) -0.0016{4) 0.0019{2) 0.0007{2) 
C12 0.7385{3) 0.7097(4) 1.0636{2) 0.0096(4) 0.0079{4) 0.0023(1) -0.0015{3) 0.0017(2) 0.0000(2) 
Cl3 0.7486(3) 0.9139(3) 0.9687(2) 0.0057(3) 0.0054(3) 0.0019{1) -0 .0001(2) 0 .0010( 1) 0.0004(1) 
C14 0.8404(3) 0.9389(3) 1.0133(2) 0.0069(3) 0.0074(4) 0.0023(1) 0 .0001( 3) 0.0007{2) 0.0001(2) 
C15 0.8563(3) 1.0467(4) 1.0420(2) 0.0087(4) 0.0076(4) 0.0026( 1) -0.0013(3) 0.0004{2) -0.0004(2) 
C16 0.7800(4) 1.1288(4) 1.0277 { 2) 0.0112{4) 0.0067(4) 0.0026(1) -0.0006(3) 0.0015(2) -0.0011 ( 2) 
C17 0.6903(3) 1.1076(3) 0.9823(2) 0.0086(4) 0.0066(4) 0.0025(1) 0.0012(3) 0.0016(2) -0.0002(2) 
--.J 
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Table 2.4(a} (continued} 
Atom x/a y/b z/c 1311 1322 1333 13 12 1313 1323 
C18 0.6744(3) 0.9995(3) 0.9510(2) 0.0070(3) 0.0056(3) 0.0019(1) -0 .0001( 3) 0 .0014 ( 1) 0.0002(1) 
C19 0.5800(3) 0.9789(3) 0.8987(2) 0.0063(3) 0.0066(4) 0.0027(1) 0.0009(3) 0.0009(2) -0.0002(2) 
C20 0.5839(5) 0.9710(4) 0.8349(2) 0.0092(4) 0.0069(4) 0.0026(1) 0.0007(3) 0.0003(2) 0.0005(2} 
C21 0.5709(3) 0.5328(3) 0.8131(2) 0.0057(3) 0.0065(3) 0.0018(1) 0.0006(3) 0.0006(1) -0.0002(2) 
C22 0.6704(3) 0.5003(4) 0.8136(2) 0.0058(3) 0.0090(4) 0.0025(1) 0.0010(3) 0.0006(1) 0.0004(2) 
C23 0.7063(4) 0.3895(4} 0.8316(2) 0.0081(4) 0.0111(5) 0 .0032 ( 1) 0.0035(4) 0.0010(2) 0.0004(2) 
C24 0.6460(4) 0.3118(4) 0.8524(2) 0.0112(5) 0.0097(5) 0.0030(1) 0.0031(4) 0.0004(2) 0.0007(2) 
C25 0.5484(4) 0.3427(4) 0.8552(2) 0.0103(4) 0.0074(4) 0.0031(1) -0.0014(3) 0.0006(2) 0.0011(2) 
C26 0.5099(3) 0.4524(4) 0.8343(2) 0.0068(3) 0.0079(4) 0 .0027 ( 1) 0.0000(3) 0.0009(2) 0.0006(2) 
C27 0.5457(3) 0.6965(3) 0.7109(2) 0.0049(2) 0.0074(4) 0.0019(1) -0 .0001( 3) 0.0008(1) -0.0001(2) 
C28 0.5812(3) 0.6102(4) 0.6774(2) 0.0075(3) 0.0099(4) 0.0023(1) 0.0014(3) 0.0010(2) 0.0001(2) 
C29 0.5938(3) 0.6313(5) 0.6163(2) 0.0075(4) 0.0133(5) 0.0023(1) 0.0020(4) 0.0010(2) -0.0007(2 ) 
C30 0.5695(3) 0.7371(5) 0.5886(2) 0.0074(4) 0.0155(6) 0 .0019 ( 1) -0.0005(4) 0.0007(2) 0.0005(2 ) 
C31 0.5313(4) 0.8213(4) 0.6200(2) 0.0101(4) 0.0111(5) 0.0024(1) 0.0008(4) 0.0006(2) 0.0015(2) 
C32 0.5214(3) 0.8022(4) 0.6814(2) 0.0082(3) 0.0086(4) 0.0024(1) 0.0013(3) 0.0010(2) 0.0005(2) 
C33 0.3880(3) 0.6714(3) 0.7750(2) 0.0043(2) 0.0073(4) 0.0025(1) 0.0003(2) 0.0007(1) 0.0004(2) 
C34 0.3259(3) 0.6080(4) 0.7260(2) 0.0056(3) 0.0098(4) 0.0030(1) -0.0006(3} 0.0007(2) -0 .0001( 2) 
C35 0.2204(3) 0.6164(4) 0.7133(2) 0.0058(3) 0.0133(5) 0.0031(1) -0.0021(3) -0.0001(2) 0.0004(2} 
C36 0.1768(3) 0.6913(5) 0. 7488(2) 0.0046(3) 0.0142(6) 0.0035(2) 0.0007(3) 0.0008(2) 0.0019(3) 
C37 0.2368(3) 0.7536(4) 0.7982(2) 0.0048(3) 0.0111(5) 0 .0029 ( 1) 0.0013(3) 0.0013(2) 0.0015(2) 
C38 0.3440(3) 0.7427(3) 0.8137(2) 0.0047(3) 0.0074(4) 0.0024(1) 0.0005(3) 0 .0009 ( 1) 0.0012(2) 
C39 0.4087(3) 0.8004(4) 0.8703(2) 0.0051(3) 0.0077(4) 0.0033(1) 0.0013(3) 0.0017(2) -0.0002(2} 
C40 0.4704(3) 0.7376(5) 0.9212(2) 0.0063(3) 0.0110(5) 0.0025(1) 0.0003(3) 0.0016(2) -0.0001(2} 
--..J 
,__. 
Table 2.4(a) (continued) 
Atom x/a y/b z/c B (A2) 
H2 o. 778 0.808 0.820 5.7 
H3 0.923 0.765 0.783 7.5 
H4 1.055 0.656 0.846 6.4 
H5 1.045 0.594 0.946 5.3 
H6 0.902 0.640 0.984 4.4 
H8 0.689 0.531 0.945 5.2 
H9 0.694 0.398 1.027 6.3 
Hl0 0.733 0.459 1.132 5.8 
Hll 0.755 0.655 1.155 6.2 
H12 0.749 0.790 1.074 5.3 
H14 0.892 0.881 1.024 4.6 
Hl5 0.920 1.064 1.071 5.5 
H16 0.789 1.201 1.049 5.7 
H17 0.639 1.166 0.972 4.9 
Hl9 0.515(3) 1.003(3) 0.910(2) 4.6(9) 
H202 0.649(3) 0.967(3) 0.824(2) 3.5(9) 
H201 0.529(3) 0.992(4) 0.804(2) 6.9(14) 
Atom x/a y/b 
H22 0.715 0.555 
H23 o. 774 0.368 
H24 0.671 0.236 
H25 0.507 0.289 
H26 0.441 0.472 
H28 0.597 0.536 
H29 0.620 0.572 
H30 0.579 0.752 
H31 0.511 0.894 
H32 0.498 0.863 
H34 0.356 0.558 
H35 0.178 0.571 
H36 0.104 0.700 
H37 0.205 0.805 
H39 0.390(3) 0.873(3) 
H402 0.472(3) 0.653(3) 
H401 0.490(3) 0.774(4) 
z/c 
0.801 
0.829 
0.865 
0.871 
0.835 
0.696 
0.594 
0.547 
0.600 
0.703 
0.701 
0.680 
0.739 
0.822 
0.876(2) 
0.920(2) 
0.962(2) 
B ($,2) 
4.9 
6.3 
6.9 
6.2 
5.0 
5.3 
5.9 
6.1 
6.3 
5.3 
5.3 
6.3 
6.2 
5.1 
4.0(9) 
4.1(10) 
6.9(13) 
--..J 
N 
Table 2.4(b) (continued) 
{b) Atomic coordinates and thermal parameters for Pd[ o-CH2=CHC 6H4P(C6H5)2J2 
Atom x/a y/b z/c 1311 1322 13 33 13 12 1313 1323 
Pd 0.23135(1) 0.47325(3) 0.36053(3) 0.00114(1) 0.01008(4) 0.01064(4) 
-0.00038(1) -0.00003(1) -0.00506(3) 
Pl 0.33259(3) 0.43121(9) 0.28080(9) 0.00123(1) 0.00986(12) 0.01054(11) -0.00052(3) 0.00014(3) -0.00494(10) 
P2 0.15326(3) 0.66032(9) 0.17024(9) 0. 00125 ( 1) 0.00970(11) 0.01129(12) -0.00057(3) 0.00010(3) -0.00463(10) Cl 0.3621(1) 0.6033(4) 0.1018(3) 0.0016(1) 0.0116(5) 0.0111(4) -0.0014(1) 0 .0006( 1) 
-0.0068(4) 
C2 0.3190(1) 0.7247(4) -0.0175(4) 0.0020(1) 0.0125(5) 0.0134(5) 
-0.0009(2) 0.0003(2) -0.0052(4) 
C3 0.3377(2) 0.8578(4) -0.1543(4) 0.0029(1) 0.0134(6) 0.0136(6) -0.0008(2) 0.0006(2) -0.0043(5) 
C4 0.4004(2) 0.8747(5) -0.1736(4) 0.0034(1) 0.0159(7) 0.0138(6) -0.0031(2) 0.0020(2) -0.0053(5) 
C5 0.4438(2) 0.7559(6) -0.0565(5) 0.0023(1) 0.0267(9) 0.0182(7) -0.0044(2) 0.0020(2) -0.0075( 7) 
C6 0.4257(2) 0.6205(5) 0.0799(4) 0.0019(1) 0.0187(7) 0.0153(6) 
-0.0018(2) 0.0002(2) -0.0038(5) 
C7 0.3373(1) 0.2762(4) 0.2150(3) 0 .0013( 1) 0.0113(5) 0.0125(5) -0.0005(1) -0.0001(1) -0.0067(4) 
C8 0.3545(2) 0.2997(5) 0.0609(5) 0.0041(1) 0.0188(7) 0.0179(7) -0.0042(3) 0.0035(2) -0.0121(6) 
C9 0.3532(2) 0.1781(6) 0.0199(6) 0.0049(2) 0.0262(10) 0.0242(9) -0.0046(3) 0.0039(3) -0.0197(8) 
ClO 0.3376(2) 0.0315(5) 0.1318(6) 0.0027(1) 0.0174(7) 0.0279(9) -0.0009(2) 0.0003(2) -0.0163(7) 
Cll 0.3200(2) 0.0064(5) 0.2849(5) 0.0039(1) 0.0126(6) 0.0246(9) 
-0.0019(2) 0.0000(3) -0.0088(6) 
C12 0.3194(2) 0.1278(4) 0.3265(4) 0.0037(1) 0.0132(6) 0.0157(6) 
-0.0023(2) 0.0009(2) -0.0066(5) 
C13 0.4002(1) 0.3508(4) 0.4317(3) 0.0013(1) 0.0108(5) 0.0110(4) -0.0008(1) 0 .0003( 1) -0.0046(4) 
C14 0.4509(1) 0.2422(4) 0.4242(4) 0.0016(1) 0.0134(5) 0.0151( 5) -0.0004(2) 0.0002(1) -0.0072(5) C15 0. 5032 ( 1) 0.1857(4) 0.5312(4) 0.0014(1) 0.0146(6) 0.0186(7) 0.0000(2) -0.0002(2) -0.0058(5) Cl6 0.5057(1) 0.2346(5) 0.6478(4) 0.0016(1) 0.0188(7) 0.0176(6) 
-0.0004(2) -0.0015(2) -0.0059(6) 
C17 0.4565(2) 0.3390(5) 0.6584(4) 0.0019(1) 0.0216(7) 0.0152(6) -0.0014(2) -0.0005(2) -0.0100 (6 ) 
---.J 
w 
Table 2.4(b) (continued) 
Atom x/ a y/b z/c 6 11 622 633 6 12 6 13 623 
C18 0.4032(1) 0.4016(4) 0.5500(4) 0.0015(1) 0.0144(5) 0.0127(5) -0.0010(2) 0 .0003( 1) -0.0068(4) 
C19 0.3526(2) 0.5147(5) 0.5686(5) 0.0021(1) 0.0228(8) 0.0193(7) -0.0005(2) -0.0003(2) -0.0145(6) 
C20 0.3573(2) 0.6060(5) 0.6345(5) 0.0032(1) 0.0210(8) 0.0188(7) -0 .0013( 2) 0.0006(2) -0.0123(6) 
C21 0 .1543(1) 0 .7016(4) -0.0457(3) 0.0014(1) 0.0124(5) 0.0119(5) -0.0012(1) 0 .0001( 1) -0.0061(4) 
C22 0.1827(2) 0.5748(4) -0.0728(4) 0.0021(1) 0.0162(6) 0.0163(6) -0.0007(2) -0.0005(2) -0.0096(5) 
C23 0.1890(2) 0.5968(5) -0.2316(5) 0.0024(1) 0.0247(9) 0.0215(8) -0.0013(2) 0.0002(2) -0.0168(7) 
C24 0.1680(2) 0.7454(6) 
-0.3669(5) 0.0033(1) 0.0295(10) 0.0152(7) -0.0043(3) 0.0014(2) -0.0139(7) 
C25 0.1398(2) 0 .8726( 5) 
-0 .3427(4) 0.0040(1) 0.0205(8) 0.0121(6) -0 .0031( 3) -0.0001(2) - 0.0049(6) 
C26 0 .1332 ( 2) 0.8509(4) 
-0.1829(4) 0.0026(1) 0.0144(6) 0.0134(5) -0.0005(2) -0.0002(2) -0.0050(5) 
C27 0.1269(1) 0.8591(4) 0.1556(3) 0.0016(1) 0.0107(5) 0.0115(5) -0.0003(1) 0.0000(1) -0.0046( 4) 
C28 0.1714(2) 0.9615(5) 0.1199(6) 0.0022(1) 0.0152(7) 0. 0366 ( 11) -0.0015(2) 0.0019(2) -0.0162(7) 
C29 0. 1571(2) 1.1081(5) 0.1197(7) 0.0030(1) 0.0158(7) 0.0435(13) -0.0020(2) 0.0017(3) -0.0179(9) 
C30 0.0984(2) 1.1524(5) 0.1630(5) 0.0034(1) 0.0122(6) 0.0237(8) 0.0009(2) -0.0002(2) -0.0099(6) 
C31 0.0540(2) 1.0527 ( 5) 0.2003(5) 0.0026(1) 0.0157(7) 0.0226(8) 0.0008(2) 0.0014(2) -0.0097(6) 
C32 0.0679(2) 0.9073(4) 0.1955(4) 0.0018(1) 0.0137(6) 0.0184(6) -0.0005(2) 0.0009(2) -0.0070(5) 
C33 0.0874(1) 0.5446(4) 0.2529(4) 0.0013(1) 0.0111(5) 0.0127(5) -0 .0008 ( 1) 0.0003(1) -0.0070(4) 
C34 0.0325(1) 0.5679( 4) 0.1627(4) 0.0016(1) 0.0162(6) 0.0144(5) -0 .0012(2) -0.0005(2) -0.0060(5) 
C35 -0.0128(1) 0.4677(5) 0.2349( 4) 0.0015(1) 0.0216(7) 0.0174(6) -0.0016(2) 0.0002(2) -0.0111(6) 
C36 -0.0033(1) 0.3429(5) 0.3977(4) 0.0018(1) 0.0180(7) 0 .0201(7) -0.0025(2) 0.0018(2) -0.0104(6) 
C37 0.0505(1) 0.3208(4) 0.4886(4) 0.0018(1) 0.0130(5) 0.01 41(5) -0.0013(2) 0.0013(2) -0.0053(5) 
C38 0.0966(1) 0.4196(4) 0.4184(3) 0.001 4(1) 0.0108(5) 0.0118(5) -0.0007(1) 0 .0009 ( 1) -0.0064(4) 
C39 0.1533(1) 0.4031(4) 0.5194(4) 0.0015(1) 0.0165(6) 0 .0108 ( 5) -0 .0014(2) 0 .0008 ( 1) -0.0066 (5) 
C40 0.2010(2) 0.2696(5 ) 0. 5892 (5) 0.0018(1 ) 0.0177(7) 0.0146(6) -0.0011(2) -0.0003(2 ) -0.0018(6) --..J 
-I'> 
Table 2.4(b) (continued) 
Atom x/a y/b z/c B (f) 
H2 0.275 0.716 
-0.005 3.9 
H3 0. 307 0.938 
-0.236 4.8 
H4 0 .413 0.967 
-0.266 5.2 
H5 0.487 0.767 
-0.069 6.0 
H6 0.457 0.539 0.159 5.0 
H8 0.367 0.400 
-0.018 5.6 
H9 0.364 0.198 
-0.089 7.0 
Hl0 0.339 
-0.053 0.104 5.5 
Hll 0.308 
-0.095 0.364 6.1 
H12 0 . 307 0.109 0.434 5.2 
H14 0.449 0.207 0.344 3.8 
H15 0.537 0.113 0.524 4.4 
H16 0.542 0.196 0.721 4.9 
H17 0.458 0.370 o. 742 4.6 
H19 0.312 0.521 0.527 5.0 
H201 0.324 0.678 0.644 5.6 
H202 0.395 0.611 0.680 5.6 
Atom x/a y/b 
H22 0.198 0.471 
H23 0.208 0.508 
H24 0.173 0.761 
H25 0.125 0.976 
H26 0.114 0.940 
H28 0.213 0.930 
H29 0.188 1.179 
H30 0.089 1.252 
H31 0.013 1.083 
H32 0.036 0.840 
H34 0.026 0.653 
H35 -0.050 0 .485 
H36 -0.034 0.272 
H37 0.056 0.236 
H39 0.148(1) 0.475(4) 
H401 0.225(2) 0.252(4) 
H402 0.201(2) 0.177(5) 
z/c 
0.020 
-0.248 
-0.476 
-0.436 
-0.168 
0.095 
0.090 
0.167 
0.230 
0.220 
0.051 
0.173 
0.447 
0.601 
0.565(4) 
0.683(4) 
0.560(5) 
B (,8.2) 
4.3 
5.4 
5.9 
6.0 
4.6 
5.9 
7.1 
5.7 
5.5 
4.4 
4.1 
4.5 
4.6 
3.9 
3.3(7) 
4.8(8) 
6.0(11) 
--.J 
(.Tl 
Table 2.4(c) (continued) 
(c) Atomic coordinates and thermal parameters for Pt[o-CH2=CHC 6H4P(C6H5)2J2 .0.5C6H5CH3 
Atom x/a y/b z/c 811 822 833 812 813 82 3 
Pt 0.37456(2) 0.20750(1) 0.01077(1) 0.00747(2) 0.00652(1) 0.00696(1) 0.00194(1) 0.00370(1) 0.00371(1) Pl 0.40295(10) 0.34001(9) 0.19454(9) 0.00757(11) 0.00733(9) 0.00689(9) 0.00214(8) 0.00363(8) 0 .00421(8) P2 0.18280(10) 0.20050(9) -0.12260(10) 0.00765(11) 0.00746(9) 0.00708(9) 0.00137(8) 0.00344(8) 0.00410(8) Cl 0. 3637(4) 0.4747(3) 0.2279(4) 0.0077(4) 0.0074(3) 0.0081(4) 0.0022(3) 0.0027(3) 0.0044(3) C2 0 .3615(5) 0.5099(4) 0.1530(5) 0.0122(6) 0.0101(5) 0.0132(6) 0.0038(4) 0.0060(5) 0.0078(4) C3 0.3344(6) 0.6115(5) 0.1742(7) 0.0165(8) 0.0125(6) 0.0215(9) 0.0059(6) 0.0092(7) 0.0123(7) C4 0.3083(6) 0.6776(5) 0. 2688 ( 7) 0.0156(8) 0.0094(5) 0.0239(11) 0.0057(5) 0 .0072 ( 8) 0 .0096 ( 7) C5 0.3096(6) 0.6440(5) 0.3423(6) 0.0197(9) 0.0099(5) 0.0153(7) 0.0078(6) 0.0079(7) 0.0046(5) C6 0.3372(5) 0.5426(4) 0.3232(5) 0.0154(7) 0.0113(5) 0.0106 (5) 0.0054(5) 0.0065(5) 0.0058(4) C7 0. 3320(4) 0. 2974(4) 0.2680(4) 0.0100(5) 0.0078(4) 0.0079(4) 0.0021(3) 0.0046(4) 0.0045(3) C8 0. 1972(5) 0.2712(5) 0 . 2265(5) 0.0116(6) 0.0172(7) 0.0143(6) 0.0044(5) 0.0074(5) 0.0112(6) C9 0.1367(6) 0.2316(5) 0.2733(6) 0.0133(7) 0.0162(7) 0.0192(8) 0.0025(6) 0.0097(7) 0.0110(7) ClO 0. 2083(7) 0. 2181(5) 0.3619(6) 0.0203(10) 0.0145(7) 0.0171(8) 0.0030(6) 0 .0119 (7) 0.0107(6) Cll o. 3400( 7) 0 . 2415(5) 0.4026(5) 0.0192(9) 0.0150(7) 0.0140(7) 0.0011 ( 6) 0.0061(6) 0.0110(6) C12 0. 4033(5) 0.2818(4) 0. 3570(4) 0.0133(6) 0.0104(5) 0.0113(5) 0.0011(4) 0.0046(5) 0.0073(4) C13 0.5798(4) 0.3740(4) 0.2781(4) 0.0083(4) 0.0080(3) 0.0082(4) 0.0022(3) 0.0040(3) 0.0054(3) C14 0.6445(4) 0.4519(4) 0.3961(4) 0.0100(5) 0.0089(4) 0.0080(4) 0.0013(4) 0.0038(4) 0.0047(3) C15 0.7770(5) 0.4613(4) 0.4535(4) 0.0106(6) 0.0097(4) 0.0090(4) -0.0009(4) 0.0014(4) 0.0052(4) 
--.J 
en 
Table 2.4(c) (continued) 
Atom x/a y/b z/c 1311 1322 13 3 3 1312 1313 132 3 
C16 0.8425(4) 0.3942(4) 0.3918(5) 0.0078(5) 0.0109(5) 0.0116(5) 0.0013(4) 0.0018(4) 0.0074(4) 
C17 0.7796(4) 0.3211(4) 0.2743(4) 0.0082(5) 0.0094(4) 0.0112(5) 0.0023(4) 0.0040(4) 0.0064(4) 
C18 0.6474(4) o. 3103( 3) 0.2143(4) 0.0077(4) 0.0068(3) 0.0091(4) 0.0019(3) 0.0035(3) 0.0051(3) 
C19 0.5827(4) 0.2352(4) 0.0861(4) 0.0072(4) 0.0083(4) 0.0099(4) 0.0033(3) 0.0048(4) 0.0048(4) 
C20 0.5488(4) 0.2801(5) 0.0147(5) 0.0085(5) 0.0106(5) 0.0088(5) 0.0019(4) 0.0048(4) 0.0054(4) 
C27 0.1760(4) 0.2818(3) -0.1908(3) 0.0109(5) 0.0063(3) 0.0064(3) 0.0015(3) 0.0024(3) 0.0033(3) 
C28 0.0693(5) 0.3221(4) 
-0.2275(4) 0.0160(7) 0.0081(4) 0.0090(5) 0.0036(4) 0.0040(5) 0.0045(4) 
C29 0.0727(7) 0.3818(5) -0.2798(5) 0.0218(10) 0.0084(5) 0.0102(5) 0 .0043(6) 0.0026(6) 0.0053(4) 
C30 0.1818(8) 0.4012(5) 
-0.2963(6) 0. 0235 ( 11) 0.0119(6) 0.0133(7) -0 .0029 (7) -0 .0002( 7) 0 .0094(6) 
C31 0.2848(7) 0 .3613( 6) 
-0.2613(6) 0.0152(8) 0.0197(9) 0.0187(8) -0.0024(7) 0 .0034( 7) 0.0147(8) 
C32 0.2835(5) 0.3035(5) 
-0 .2072(5) 0.0116(6) 0.0149(6) 0.0133(6) 0.0008(5) 0.0038(5) 0.0108( 5) 
C33 0.1400(5) 0.0576(4) 
-0.2440(4) 0.0128(6) 0.0076(4) 0.0073(4) -0.0008(4) 0.0036(4) 0.0041(3) 
C34 0.0340(5) 0.0149(4) 
-0.3507(4) 0.0144(7) 0.0101(5) 0.0085(4) -0.0016(4) 0.0024(4) 0.0057(4) 
C35 0.0166(7) 
-0.0925(5) -0.4435(4) 0.0207(9) 0.0098(5) 0.0069(4) -0 .0044(6) 0 .0011 ( 5) 0.0037(4) 
C36 0.1075(8) 
-0.1519(5) 
-0.4283(5) 0.0292(12) 0.0068(4) 0.0095(6) -0.0007(6) 0.0058(7) 0.0036(4) 
C37 0.2120(7) 
-0.1121(4) 
-0.3236(5) 0.0247(10) 0.0070(4) 0.0103(6) 0.0013(5) 0.0064(6) 0.0039(4) 
C38 0.2284(5) 
-0.0075(4) 
-0.2286(4) 0.0154(6) 0.0060(3) 0.0084(4) 0.0008(4) 0.0054(4) 0.0037(3) 
C39 0.3346(5) 0.0320(4) 
-0.1130(4) 0.0130(6) 0.0062(3) 0.0097(5) 0.0026(4) 0.0051(4) 0.0041(3) 
C40 0. 3017(6) 0.0460(4) 
-0.0206(5) 0.0145(7) 0.0082(4) 0.0103(5) 0.0017(4) 0.0031(5) 0.0063(4) 
--..J 
--..J 
Table 2.4(c) (continued) 
Atom x/a y/b z/c B (.8.2) Atom x/a y/b z/c B (.8.2) 
C21 0.048(1) 0.236(1) 
-0.076(1) 3.5(1) C45 0.465(2) 0.031(2) 0.627(2) 12.8(2) C22 0.043(1) 0.345(1) 
-0 .008 ( 1) 4.4(2) C46 0.347(2) 0.027(2) 0.547(1) 12.8(2) C23 -0.048 ( 1) 0.368(1) 0.039(1) 6.2(2) C47 0.365(2) 0.001(2) 0.447(2) 12.8(2) C24 -0.134(1) 0.281(1) 0.018(1) 5.9(2) H2 0.379 0.464 0.087 7.3 C25 -0.129(1) 0.173(1) 
-0.050(1) 7.6(3) H3 0.334 0.636 0.123 7.3 C26 
-0.038 (1) 0.150(1) 
-0.097( 1) 5.4(2) H4 0. 289 0.747 0.283 7.3 C21' 0.042(1) 0.195(1) 
-0.093(1) 3.1(2) H5 0.291 0.690 0.408 7.3 C22' 0.022(1) 0.297(1) 
-0.025(1) 4.3(2) H6 0.338 0.520 0.375 7.3 C23' 
-0.076(1) 0.304(1) 0.013(1) 7.3(3) H8 0.145 0.281 0.165 7.3 C24' 
-0.154(1) 0.209(1) 
-0.017(1) 5.7(3) H9 0.044 0.214 0.243 7.3 C25' 
-0.134(1) 0.106(1) 
-0.085(1) 6.7(3) Hl0 0.166 0.192 0.395 7.3 C26' 
-0.036(1) 0.099(1) 
-0 .123 ( 1) 4.8(2) Hll 0.390 0.230 0.463 7.3 C41 0.477(2) 
-0.034(2) 0.313(1) 12.8(2) H12 0.496 0.299 0.388 7.3 C42 0.480(1) 
-0.010(2) 0.431{1) 12.8(2) H14 0.599 0.499 0.438 7.3 C43 0.594(2) 
-0.009(2) 0.511(1) 12.8(2) H15 0.822 0.514 0.535 7.3 C44 0.579(2) 0.012(2) 0.612(2) 12 .8(2) Hl6 0.932 0.399 0.431 7.3 
-....J 
CX) 
Table 2.4(c) (continued) 
Atom x/a y/b z/c B (A2) Atom x/a y/b z/c B (.&.2) 
Hl7 0.827 0.277 0.233 7.3 H22 0.102 0.404 0.006 8.4 
Hl9 0.608 0.168 0.059 5.2 H23 -0.051 0.442 0.086 8.4 
H201 0.547(5) 0.248(4) 
-0.057(5) 7 ( 1) H24 -0.197 0.297 0.051 8.4 
H202 0.559(5) 0.351(4) 0.048(4) 5(1) H25 -0 .188 0.113 -0.064 8.4 
H28 -0.007 0.309 
-0.217 8.4 H26 -0.035 0.075 -0.144 8.4 
H29 -0.001 0.410 
-0.304 8.4 H22' 0.076 0.363 -0.004 8.4 
H30 0.184 0.442 
-0.332 8.4 H23' -0.090 0.375 0.060 8.4 
H31 0.360 0.373 
-0.274 8.4 H24' 
-0.222 0.214 0.009 8.4 
H32 0.359 0.278 
-0.181 8.4 H25' -0.188 0.040 -0.106 8.4 
H34 
-0.027 0.059 
-0.361 8.4 H26' 
-0.022 0.028 -0.170 8.4 
H35 
-0.057 
-0.123 
-0.516 8.4 H43 0.672 -0.022 0.500 16.9 
H36 0.098 
-0.223 
-0.492 8.4 H44 0.651 0.014 0.672 16.9 
H37 0.273 
-0.156 
-0.316 8.4 H45 0.467 0.048 o. 700 16.9 
H39 0.414 0.010 
-0.120 5.8 H46 0.269 0.039 0.559 16.9 
H401 0.351(5) 0.029(4) 0.033(4) 6(1) H47 0.289 -0.012 0.382 16.9 
H402 0.211(5) 0.036(4) 
-0.038(4) 5(1) 
-...J 
<.O 
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Table 2.5 
Important bond lengths and bond angles for 
M[o -CH2=CHC6H4P(C6H5) 2J2 , M = Ni(O), Pd(0) and Pt(0) 
(a) Bond lengths (~) 
M=Ni(0) M=Pd(0) M=Pt(0) 
M-Pl 2.194(1) 2. 3029 ( 7) 2.278(1) 
M-P2 2.204(1) 2.3054(7) 2.290(1) 
M-C19 2.033(4) 3 .470(3) 2.139(4) 
M-C20 2.038(5) 4.466(4) 2.165(7) 
M-C39 2.059(4) 2.141(3) 2.152(4) 
M-C40 2.034(5) 2.213(4) 2.179(7) 
C19-C20 1.397(6) 1.293(5) 1.404( 11) 
C39-C40 1.402(6) 1.387(5) 1.429( 11) 
M-CAa 1.912(4) 2.035(4) 
M-CBa 1.923(3) 2.063(2) 2.044(4) 
Pl-Cl 1.830( 4) 1.842( 3) 1.827(5) 
Pl-C7 1.827 ( 4) 1.831 ( 3) 1.820( 7) 
Pl-C13 1.812(4) 1.846 ( 3) 1.831(4) 
P2-C21 1.821(4) 1.829(3) 1.847 ( 7) 
P2-C21' 1. 788 ( 9) 
P2-C27 1.833(4) 1.823(3) 1.828 ( 6) 
P2-C33 1.817(4) 1.832(3) 1.819(4) 
Cl-C2 1.379(5) 1.381(4) 1.385(10) 
C2-C3 1. 383 ( 6) 1. 380 ( 5) 1.378(10) 
C3-C4 1.362(6) 1.373(5) 1.369(12) 
C4-C5 1. 361 ( 6) 1.368(6) 1.352(16) 
C5-C6 1. 382 ( 5) 1.385(5) 1. 384( 10) 
C6-Cl 1. 382 ( 5) 1.393(4) 1.384(8) 
C7-C8 1. 388 ( 5) 1.368 ( 4) 1.386(7) 
C8-C9 1. 383 ( 6) 1.381(5) 1. 381(13) 
C9-C10 1.364(6) 1.352(6) 1.355(12) 
Cl0-Cll 1.356(6) 1.357(6) 1.352(10) 
C11-C12 1. 385 ( 6) 1. 377 ( 5) 1. 393(12) 
Cl2-C7 1.379(5) 1. 381 ( 5) 1.378(9) 
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Table 2.5 (continued) 
M=Ni(0) M=Pd(0) M=Pt(0) 
C13-C14 1.394(5) 1.402(4) 1.385(5) 
C14-C15 1. 377 ( 5) 1. 380 ( 4) 1.392(7) 
C15-C16 1.371(6) 1.367 ( 5) 1.378(8) 
C16-C17 1.374(6) 1.367(5) 1. 366 ( 6) 
C17-C18 1.405(5) 1.401 (4) 1.393(6) 
C18-C13 1.385( 5) 1.395(4) 1.395(7) 
Cl8-Cl9 1.494(5) 1.470(5) 1.480(6) 
Cl9-H19 1.00( 3) 0.93(5) 
C20-H201 0.90(4) 0.89(7) 
C20-H202 0.96(3) 0.86(5) 
C21-C22 1. 385 ( 5) 1.391(4) 
C22-C23 1.383(6) 1.376(5) 
C23-C24 1.354(7) 1.370(6) 
C24-C25 1.375(7) 1. 377 ( 6) 
C25-C26 1.394(6) 1.386(5) 
C26-C21 1. 385 ( 5) 1. 382 ( 4) 
C27-C28 1. 381 ( 5) 1.382(5) 1.383(8) 
C28-C29 1.394(6) 1.376(5) 1. 386 ( 11) 
C29-C30 1.358(6) 1.371(6) 1.376(13) 
C30-C31 1.355(6) 1.362(6) 1.342( 12) 
C31-C32 1. 383 ( 6) 1.387(5) 1. 380 ( 14) 
C32-C27 1.374(5) 1.377(4) 1. 367 ( 9) 
C33-C34 1.383(5) 1.397(4) 1.391(6) 
C34-C35 1.378(6) 1. 380 ( 5) 1. 401 ( 7) 
C35-C36 1.376(6) 1. 382(5) 1. 360 ( 11) 
C36-C37 1.370(6) 1.381(5) 1.370(8) 
C37-C38 1.400( 5) 1. 386 ( 4) 1.394(6) 
C38-C33 1. 402 ( 5) 1. 399(4) 1.399(8) 
C38-C39 1.472(6) 1.503(4) 1.478(7) 
C39-H39 0.89(3) 0.95(3) 0 . 97(6) 
C40-H401 0 . 96(4) 0.96(4) 0.92(6) 
C40-H402 0.97(4) 1.04( 4) 0.95(6) 
Table 2.5 (continued) 82 
( b) Bond angles ( 0 ) 
M=Ni(O) M=Pd(O) M=Pt(O) 
P-M-P 109.30(4) 121.36(3) 110 .08(4) 
C19-M-C20 40.1(2) 38 .1( 3) 
C39-M-C40 40.0(2) 37 .1(1) 38.5(3) 
CA-M-CB 113.2(2) 112.1(2) 
CA-M-Pl 95.5(1) 90.6(1) 
CB-M-P2 91.6(1) 100.30(6) 88. 7 ( 1) 
M-Pl-Cl 124.1(1) 118.4(1) 121.4(2) 
M-Pl-C7 119 .4( 1) 108.48(9) 117.1(1) 
M-Pl-C13 101.6(1) 120.76(9) 103.2(2) 
Cl-Pl-C7 101.7(2) 103.4(1) 103.9(3) 
C7-Pl-Cl3 104.7(2) 102.2(1) 105.1(2) 
Pl-Cl-C2 118.8(3) 118.6(2) 117 .4(4) 
Pl-Cl-C6 i23.5(3) 124.0(2) 123.8(5) 
Pl-C7-C8 117 .5(3) 124.6(3) 118 .2 (5) 
Pl-C7-C12 124.9(3) 117 .5(2) 124.2(4) 
Pl-Cl3-Cl4 125.4(3) 120.0(2) 124.6(4) 
Pl-C13-Cl8 114.7(3) 121.0(2) 114.5(3) 
M-P 2-C21 116.4(1) 120.2(1) 117 .3(2) 
M-P2 -C21' 115.7(3) 
M-P2-C27 127.3(1) 121.7(1) 121.9(1) 
M-P2-C33 101.6(1) 98 .54(9) 102.4(2) 
C21-P2-C27 102.9(2) 104.6(1) 99.6(3) 
C21-P2-C33 104.2(2) 102 .8(1) 111.7(2) 
C27-P2-C33 101.1(2) 106.1(1) 103.2(2) 
C21'-P2-C27 111.2(4) 
C21'-P2-C33 97.7(3) 
P2-C21-C22 120.2(3) 116.6(2) 122.1(5) 
P2-C21-C26 121.8(3) 125.1(3) 117 .2(4) 
P2-C21'-C22' 114.3(6) 
P2-C21'-C26' 125.5(6) 
P2-C27-C28 125.2(3) 117 .6(2) 124.4(5) 
P2-C27-C32 117.3(3) 124.6(2) 117 .6(4) 
P2-C33-C34 125.4(3) 125.4(2) 124.1(4) 
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Table 2.5 (continued) 
M=Ni(0) M=Pd(0) M=Pt(0) 
P2-C33-C38 114 .4(3) 114.7(2) 115.7(3) 
C6-Cl-C2 117.7(4) 117.4(3) 118.8(5) 
Cl-C2-C3 121.1(4) 121.8(3) 120 .2(6) 
C2-C3-C4 119.9(4) 120.3(3) 120(1) 
C3-C4-C5 120.2(4) 118.8(3) 120.2(7) 
C4-C5-C6 120 .0(4) 121.4(3) 120.7(7) 
C5-C6-Cl 121.1(4) 120 . 3(3) 119.9(7) 
C12-C7-C8 117 .6(4) 117 .8(3) 117 .5(7) 
C7-C8-C9 120.8(4) 120.3(4) 121.2(7) 
C8-C9-Cl0 120.5(4) 121.3(4) 120.6(6) 
C9-Cl0-Cll 119.4(4) 119 .1(4) 119.3(9) 
C10-Cll-C12 120.8(4) 120.3(4) 121.2(8) 
Cll-C12-C7 120.9(4) 121.1(4) 120.3(5) 
C18-Cl3-C14 119 .8(3) 118. 9 ( 3) 120.8(4) 
Cl3-Cl4-C15 120.6(4) 121.1(3) 119.5(5) 
Cl4-C15-Cl6 119.5(4) 119.9(3) 119.6(4) 
Cl5-Cl6-Cl 7 120.9(4) 119 .9 (3) 120.6(4) 
Cl6-Cl 7-C18 120.2(4) 121.9(3) 121.0(5) 
Cl 7-Cl8-Cl3 118. 7 ( 4) 118 .2(3) 118 .1 ( 4) 
Cl3-Cl8-Cl9 120.9(3) 123.3(3) 121.6(4) 
Cl7-Cl8-C19 120.3(4) 118.5(3) 120 . 3(4) 
C18-Cl9-C20 121.8(4) 127.5(3) 119.9(5) 
Cl8-C19-H19 113(2) 114(3) 
C20-Cl9-H19 121(2) 119 ( 4) 
Cl9-C20-H201 119 ( 3) 125(4) 
Cl9-C20-H202 120(2) 118( 4) 
H201-C20-H202 118(4) 113(6) 
C26-C21-C22 117 .8(4) 118 .1 ( 3) 
C21-C22-C23 121.3(4) 120.9(3) 
C22-C23-C24 120.3(4) 120.5(4) 
C23-C24-C25 120.0(4) 119.4(3) 
C24-C25-C26 119.9(4) 120 .3(4 ) 
C25-C26-C21 120.6(4) 120.7(4) 
C32-C27-C28 117 .6(4) 117 .4(3) 118 .1 ( 6) 
C27-C28-C29 120.8(4) 121.7(4) 120.2(7) 
Table 2.5 (continued) 
C28-C29-C30 
C29-C30-C31 
C30-C31-C32 
C31-C32-C27 
C38-C33-C34 
C33-C34-C35 
C34-C35-C36 
C35-C36-C37 
C36-C37-C38 
C37-C38-C33 
C37-C38-C39 
C33-C38-C39 
C38-C39-C40 
C38-C39-H39 
C40-C39-H39 
C39-C40-H401 
C39-C40-H402 
H401-C40-H402 
M=Ni(0) 
120.1(4) 
119 .7(4) 
120.5(4) 
121.2(4) 
120.1(4) 
120.8(4) 
119.4(4) 
120.8(4) 
120.8(4) 
118.0(4) 
121.3(4) 
120.6(3) 
122.3(4) 
114 ( 2) 
i20(2) 
119 ( 3) 
120(2) 
117(4) 
M=Pd(0) 
120.0(4) 
119.4(3) 
120.5(3) 
120.9(3) 
119.8(3) 
120.6(3) 
119.4(3) 
120.3(3) 
121.2(3) 
118.6(3) 
121.5(3) 
119.7(3) 
126.0(3) 
113 ( 2) 
118(2) 
118(2) 
118 ( 2) 
121(3) 
M=Ni(0) M=Pd(0) 
monodentate bidentate averageb 
P-C 
C-Cc ( phenyl ) 
C-C-Cc(phenyl) 
1.823(4) 
1. 380( 6) 
120.0(4) 
1.840 ( 3) 
1. 381(5) 
119.9(3) 
1.828(3) 
1.383(5) 
119.9(3) 
M=Pt(0) 
120.4(7) 
119 .3(9) 
120.9(8) 
121.2(6) 
120.0(4) 
120.1(6) 
118.8(5) 
122.1(5) 
120.1(6) 
118. 7 ( 4) 
120.4(5) 
120.8(4) 
119.0(5) 
111(3) 
123(4) 
122(4) 
116(4) 
116 ( 6) 
M=Pt(0) 
1.825(5) 
1.383(8) 
119.9(6) 
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a CA and CB are the midpoints of Cl9-C20 and C39-C40 bonds respectively . 
b The weighted averages were calculated using the equation 
x = LWixi/ Lwi where the weights are defined as wi = 1/ai 2 and ai 
are the individual standard deviations . The standard deviation 
of the weighted average is given as o = ./ N/ Lw i . 
c Since C21-C26 and C21'-C26' rings were refined as rigid groups, bond 
lengths and bond angles of the atoms in these rings were not included 
in the average. 
Plane 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Table 2.6 85 
(a) Least-squares planes 
Atoms defining plane Equationa 
Ni,Pl,P2 0. 5921X+0 . 5860Y -0.5532Z+2.9146 = 0 
Ni ,CA,CB -0 . 3049X+0 .0220Y-0 .9521Z+l8 .0169 = 0 
Cl8 ,Cl9, Hl9 0 . 1762X+0 .9175Y-0.3566Z -4.1254 = 0 
C20,H201,H202 -0 . 1074X-0.9586Y-0.2637Z+l5 .6663 = 0 
C38,C39,H39 0.7587X+0 . 3432Y-0.5537Z+6.3162 = 0 
C40,H401,H402 0. 9976X+0 .0352Y-0 .0604Z-0 .5109 = 0 
phenyl ring Cl-C6 -0 .3543X-0.8450Y-0.4004Z+l6.8881 = 0 
phenyl ring C7-Cl2 -0.9880X+0 . 1246Y-0 .0912Z+5.1953 = 0 
phenyl ring Cl3-Cl8 0 .6070X+0.3358Y-0.7203Z+8.1188 = 0 
phenyl ring C21-C26 -0 . 1106X-0.3374Y-0.9349Z+l8 . 3706 = 0 
phenyl ring C27-C32 -0.8662X-0.3184Y-0 .3851Z+ll .3287 = 0 
phenyl ring C33-C38 0. 1940X+0.7547Y-0.6267Z+4 .1725 = 0 
Dihedral angle [Ni,Pl,P2][Ni,CA,CB] = 69.0(1) 0 
[Cl8,Cl9,Hl9][C20,H201,H202] = 36(4)0 
[C38,C39,H39][C40,H401,H402] = 37(4)0 
aThe equation of the plane LX+MY+NZ+D = 0 refer to orthogonal 
coordinates, where: 
X = 13.4320x + Oy - 5.3572z 
Y = Ox+ ll.4860y - Oz 
z = Ox+ Oy + 20.95612 
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Ta bl e 2.6 (continued) 
(b) Distances ( A) of atoms from least-squares planes 
Pla ne 1 Ni 0 Plane 9 C13 -0.025(4) 
Pl 0 Cl4 0.002(4) 
P2 0 ClS 0 .021(5) 
Plane 2 Ni 0 C16 -0.021(5) 
CA 0 C17 -0 .002(5) 
CB 0 Cl8 0.025(4) 
Plane 3 Cl8 0 Plane 10 C21 0 .010(4) 
Cl9 0 C22 -0 .022(4) 
Hl9 0 C23 0 .012(5) 
Plane 4 C20 0 C24 0 .009(5) 
H201 0 C25 -0 .020(5) 
H202 0 C26 0.010(4) 
Plane 5 C38 0 Plane 11 C27 -0.006(4) 
C39 0 C28 0.012(5) 
H39 0 C29 -0.003(5) 
Plane 6 C40 0 C30 -0.012(5) 
H401 0 C31 0.017(5) 
H402 0 C32 -0.008(5) 
Plane 7 Cl -0 .001(4) Plane 12 C33 0.020(4) 
C2 0 .004(5) C34 0.003(4) 
C3 -0 .005(6) C35 -0 .020(5) 
C4 0.002(5) C36 0.013(5) 
cs 0.001(5) C37 0.010(4) 
C6 -0.001(4) C38 -0.026(4) 
Plane 8 C7 -0 .013(4) 
C8 0.006(5) 
C9 0 .006(5) 
Cl0 -0.012(5) 
Cll 0.005(5 ) 
Cl2 0 .008(5 ) 
Table 2.6 (continued) 
(a) Least-squares planes 
Plane Atom defining plane Equation b 
1 Pd,Pl,P2,CB -0.3163X-0.8811Y-0.3514Z+8.0135 = 0 
2 Pd,Pl,P2 -0.3803X-0 .9093Y-0.1692Z+8 .1924 = 0 
3 Pd,C39,C40 -0.4294X-0.7180Y-0.5478Z+8 .4159 = 0 
4 C38,C39,H39 0.4597X+0.3386Y-0.8210Z-0 . 5149 = 0 
5 C40,H401,H402 0.8180X+0.0129Y-0.5751Z-1.3760 = 0 
6 phenyl ring Cl-C6 -0.0219X-0.8559Y-0.5167Z+5.8396 = 0 
7 phenyl ring C7-C12 -0.9157X+0.2188Y-0 . 3372Z+6 .8705 = 0 
8 phenyl ring C13-C18 0.5499X+0.5243Y-0.6501Z-5 . 5787 = 0 
9 phenyl ring C21-C26 0 .9524X+0.3029Y-0 .0350Z-6.0592 = 0 
10 phenyl ring C27-C32 -0.2666X+0 .0010Y-0.9638Z+2.2738 = 0 
11 phenyl ring C33-C38 0.3374X-0.8886Y-0.3109Z+5 .2432 = 0 
Dihedral angle [Pd,Pl,P2][Pd,C39,C40] = 24.7(2) 0 
[C38,C39,H39][C40,H401,H402] = 32( 3)0 
bThe equation of the plane LX+MY+NZ+D = 0 refer to orthogonal 
coordinates, where: 
X = 21.4560x + 1.4638y + 0.37412 
Y = Ox+ 9.3693y + 4.47962 
z = Ox+ Oy + 8 .02932 
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Table 2.6 (continued) 
(b) Distances (A) of atoms from least-squares planes 
Plane 1 Pd -0.1661(3) Plane 8 Cl3 -0.001(3) 
Pl 0.0624(9) Cl4 -0.005(3) 
P2 0.0435(9) C15 0.004(8) 
CB 0.060(5) C16 0.003(4) 
Plane 2 Pd 0 C17 -0.010(4) 
Pl 0 Cl8 0.009(3) 
P2 0 Plane 9 C21 -0.002(3) 
C39 0.388(4) C22 0.003(4) 
C40 0.822(5) C23 -0.003(4) 
Plane 3 Pd 0 C24 0.002(5) 
C39 0 C25 -0.001(5) 
C40 0 C26 0.001(4) 
Plane 4 C38 0 Plane 10 C27 -0.001(3) 
C39 0 C28 -0.012(5) 
H39 0 C29 0.015(5) 
Plane 5 C40 0 C30 -0.005(4) 
H401 0 C31 -0.006(4) 
H402 0 C32 0.008(4) 
Plane 6 Cl -0.001(4) Plane 11 C33 0.005(4) 
C2 -0.005(4) C34 -0.003(4) 
C3 0.008(4) C35 -0.004(5) 
C4 -0.004(4) C36 0.009(5) 
C5 -0.003(5) C37 -0.006(4) 
C6 0.006(5) C38 -0 .001( 4) 
Plane 7 Cl -0.005(3) 
C8 -0.008(4) 
C9 0.016(5) 
Cl0 -0.012(4) 
Cll -0.001(5) 
Cl2 0.010(4) 
Table 2.6 (continu ed) 
Plane 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
(a) Least-squares planes 
Atoms defining plane Equationc 
Pt,Pl,P2 0.5420X+0.8383Y-0 .0591Z-4.6098 = 0 
Pt,CA,CB 0. 1172X+0 .4243Y-0 .8979Z- 1.5810 = 0 
C18,C19 ,Hl9 0.8476X+0 .5236Y-0 .0861Z-6.4672 = 0 
C20,H201,H202 -0.9149X+0.1020Y-0 . 3906Z+5 . 1847 = 0 
C38,C39,H39 -0 . 2720X-0 .9599Y-0.0674Z+2 . 2931 = 0 
C40,H401,H402 0 . 1689X-0.6561Y -0 .7355Z-0.2401 = 0 
phenyl ring Cl-C6 -0.8164X-0 . 1790Y-0 .5491Z+4 .6389 = 0 
phenyl ring C7-C12 0. 2800X-0 .6900Y-0 . 6675Z+2 .9923 = 0 
phenyl ring Cl3-C18 0 . 3063X+0 .9357Y -0.1751Z-4.1008 = 0 
phenyl ring C27-C32 0.0059X-0 .4484Y -0.8938Z+0.4218 = 0 
phenyl ring C33-C38 0 .7158X+0.6375Y-0.2851Z-4 .4077 = 0 
Dihedral angle [Pt,Pl,P2][Pt,CA,CB] = 61.8(1) 0 
[C18,Cl9,H19][C20,H201,H202] = 47(6) 0 
[C38,C39,H39][C40,H401,H402] = 51(5)0 
cThe equation of the planes LX+MY+NZ+D = 0 refer to orthogonal 
coordinates, where: 
X = 11.2450x - 0.2589y - 5.0772z 
Y = Ox+ 14.1246y - 7.0947z 
z = Ox+ Oy + 11 .4777z 
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Table 2.6 (continued) 
(b) Distances (A) of atoms from least-squares planes 
Plane 1 Pt 0 Plane 8 C7 
-0.005(5) 
Pl 0 C8 0.002(7) 
P2 0 C9 0.004(8) 
Plane 2 Pt 0 ClO -0.009(8) 
CA 0 Cll 0.006(7) 
CB 0 C12 0.001(6) 
Plane 3 C18 0 Plane 9 Cl3 -0.027(6) 
Cl9 0 C14 0.014(6) 
H19 0 Cl5 0.009(7) 
Plane 4 C20 0 C16 -0 .018( 7) 
H201 0 C17 0.004(6) 
H202 0 C18 0.019(5) 
Plane 5 C38 0 Plane 10 C27 0.004(4) 
C39 0 C28 0.003(5) 
H39 0 C29 -0.004(6) 
Plane 6 C40 0 C30 -0 .002 ( 7) 
H401 0 C31 0.009(8) 
H402 0 C32 -0 .010( 6) 
Plane 7 Cl -0.002(5) Plane 11 C33 0.015(6) 
C2 0.003(6) C34 0.006(6) 
C3 -0.002(8) C35 -0.021(8) 
C4 0.000(8) C36 0.014(8) 
cs 0 .001( 8) C37 0.009(8) 
C6 -0.001(6) C38 -0.023(6) 
Table 2.7 Structural parameters for some transition metal complexes 
Metal a Structureb C-C (A) M-C (A) M-P ( A) P-M-P ( 0 ) 0c ( o ) Ref. Compound 
Ni(0) Ni(SP) 2 TET 1.400( 6) 2.042(4) 2.199(1) 109.30(4) 
- e Ni(C0D) 2 TET 1.39 2.12 
-
- - 46 Ni(TDPME)(F2C=CF2) TET 1. 37 ( 3) 1.86 ( 2) 2.25(1) 
- - 61 Ni(PPh3)(H2C=CH 2) TR 1.391(5) 1.970(5) 2.153(4) 110.7(5) 5.0 49d Ni(CDT) TR 1.372(5) 2.024(2) 
- - 32(1) 57 Ni[( CH3)3C-N=C] 2[(CN) 2C=C(CN) 2J TR 1.476(5) 1.954(4) - - 23.9(2) 81 Ni[P(0-o-Tol )3J2[H2C=CH(CN)] TR 1.46(2) 1.973(11) 2.109(4) 110.3(1) 3.9(1) 58 Ni[P(C6H4CH3)3J2[PhHC=CHPh] TR 1.471(19) 2.019(13) 2.181(4) 118. 6 ( 2) 18.5(9) 62 Ni(PPh3)2[(Ph0C)HC=CH(COOCH3)J TR 1.422(4) 1.979(3) 2 .184( 1) 105.0(1) 8.5( 1) 59 Ni(PPh3)2[H2C=C(CH3)(C00C 2H5)J TR 1.412(10) 2.006(7) 2.180(2) 111.3( 1) 6.4(4) 63 
Ni[(C6H11 )2PCH2CH 2P(C6H11 )2J[( CH 3)2C=C(CH3)2J TR 1.421(3) 1. 981 ( 2) 2.156(6) 91.8(1) 16.5 64 Pt(0) Pt(SP) 2 TET 1.417(11) 2.152(5) 2.284(1) 110.08(4) - e Pt(C0D) 2 TET 1.394( 9) 2.208(7) 
- - - 45 Pt(PPh3)2(H2C=CH2) TR 1.434(13) 2.110(8) 2.268(4) 110.60(7) 1.6 51 Pt(PPh3)2[(CN) 2C=C(CN) 2] TR 1.49( 5) 2.11( 3) 2.289(8) 101.4(3) 8.3 65,66 Pt(PPh3)2(Cl 2C=CC1 2) TR 1.62(3) 2.04(3) 2. 286(7) 100.6(2) 12(2) 67 Pt(PPh3)2[Cl 2C=C(CN) 2J TR 1.42( 3) 2.00(2),Cl 2.300(6) 102.0(2) 2 ( 1) 79 
2.10(2),CN 
I.D 
>-' 
Table 2.7 (continued} 
Metal Compound a Structureb C-C (A) M-C (Ji.) M-P (A) P-M-P ( 0 ) 8c ( o ) Ref. 
Pt(PPh3)2[(CF3}FC=CF(CF3)J TR 1.429(14) 2.04(1} 2.312(3) 105.9(1} 10.8(7) 82 
Pt(PPh3)2[(C6H4No2)HC=CH(C6H4No2)J TR 1.416(15) 2.135(13) 2.280(4} 109.5(1} 8.7(7) 60 Pt(PPh3}2[H2C=C=CH2] TR 1.48( 5) 2.08(3) 2.282(9) 107 .1(3) 9 68 Pd(O) Pd(SP) 2 TR 1.387 ( 5} 2.167(3} 2. 3042( 7) 121.36(3) 24 .7(2} e Pd(DBA) 3 TR 1. 38 ( 2} 2.23(2) 
-
- 18(3) 52 Pd(PPh3)2(H2C=C=CH2) TR 1.401 ( 11) 2.090(8} 2.319(2} 109. 3( 1} 8.6 74 Pd(PPh3)2[CH300CC=CCOOCH3] TR 1. 28( 1) 2.063(6} 2.326(2} 107.43(6} 9.7(4) 75 Fe(O) Fe(C0) 2(SP) 2 OCT 1.455(8) 2.100(5} 2.222(2) 17 4. 48 ( 7) 
- 72, 73 
a Abbreviations: SP= ~-vinylphenyldi phenylphosphine, Ph= phenyl, TDPME = 1,1,1-tris(diphenylphosphinomethyl}ethane, 
Tol = tolyl, COD= 1,5-cyclooctadiene, CDT= trans, trans, trans-1,5,9-cyc lododecatr iene, 
DBA = dibenzylideneacetone 
b Abbreviations: TR= trigonal planar, TET =tetrahedral, OCT= octahedral 
c e is the dihedral angle between [L,M,L] and [C,M,C] planes in a trigonal structure 
d There are three independent determinations of this structure: 7 - 49 Two of them 4 7' 4 8 were based on film data while the 
other
49 
was based on diffractometer data. The data referred to in this thesis were taken from reference 49. 
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SECTION I I I 
CHAPTER 3 
GENERAL INTRODUCTION AND SOME SYNTHETIC METHODS OF MIXED 
METAL COMPLEXES 
3.1 Introduction 
93 
An active area of research in organometallic chemistry is the 
study of complexes containing more than one transition metal atom. 
Cluster compounds and bi- and tri-nuclear compounds are being 
investigated as catalysts for organic reactions and as models for the 
metal surfaces of heterogeneous catalysts 84 - 87 . 
Binuclear transition metal complexes have been the subject of 
recent research activity because of the expectation that, as the 
result of cooperative interaction between adjacent metals , the meta l 
centres in these complexes will exhibit reactivity patterns that 
differ from the reactivity of mononuclear metal complexes 88 - 95 . 
Complexes which contain two different transition meta ls are termed 
"heterobimetallic" or "mixed metal" comp lexes . Some of these species 
have been prepared and their chemistry is potentially 
interesting BB , 91 , 96 - 103 . They may display unusual reactivity 
patterns, because they bind different metal centres in proximity. 
This property should be accentuated if the two different metals come 
from opposite sides of the transition metal series. By deposition 
of such species on supports (e . g. SiO2, Al 2o3 , Zeolites) bimetallic 
heterogeneous catalysts of well-defined composition and aggregation 
could result . 
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A very large number of heterobimetallic complexes ha s been 
prepared and characterized88 •104 . These compounds contain various 
ligand types. Hydride, carbonyl, phosphine, phosphide and cyclopenta-
dienyl ligands are discussed briefly here since the mixed metal 
complexes investigated in this work contain these ligands. 
3. l. l Hydride 
The term "hydride" refers to a hydrogen bonded to a metal atom. 
The coordination chemistry of transition metal hydride complexes has 
been studied at a rapidly increasing rate during the past ten 
years 105 , 106 . Transition metal hydrides are recognized as reaction 
intermediates in many catalytic systems including hydroformylation of 
olefins, hydrogenation of multiple bonds and reduction of organo-
halogen compoundsl 0? -111_ 
The hydride ligand may be bound to a single meta l to form 
terminal hydride complexes or to two or more meta l s to form bridging 
hydride compounds. These complexes are stabilized by n-accepting 
ligands such as carbonyl, nitrosyl, phosphines, phosphites, arsines, 
etc. and n-donor groups such as the n-cyclopentadienyl ligand. 
A large number of transition metal hydride complexes has been 
investigated by X-ray diffraction techniques 108 •112 . Nevertheless, 
detailed structural information about the nature of metal-hydrogen 
bonding in these complexes was limited until the advent of neutron 
diffraction methods. The application of X-ray diffraction to metal 
hydride complexes is difficult since the scattering of X-rays is 
proportional to the square of the atomic number. The hydrogen atom 
thus has the least scattering power and will be the most difficult 
atom to position accurately. The situati on becomes worse as the 
metal becomes heavier and as the number of transition metals bonded 
to the hydrogen atom increases. Moreover, thermal motion tends to 
cause the scattering intensity to decrease . The vibrations of a 
given atom in a molecule tend to increase as the mass of the atom 
decreases, thus the scattering from hydrogen is further reduced, 
leading to even less accurate positions. 
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Many of these difficulties may be avoided by using neutron 
diffraction techniques to locate the hydride positions. Since 
hydrogen atoms scatter neutrons with about the same efficiency as 
most other elements do, the hydride ligand can be more easily located. 
Nevertheless, there are limitations in using neutron diffraction 
methods. Firstly, since most atoms scatter neutrons to about the 
same extent, the use of heavy atom methods to solve the structure is 
precluded and most neutron studies are preceded by using X-ray data 
to locate all atoms but hydrogen. The second limitation is the 
crystal size. Since the availabl e flu x of thermal neutrons is less 
than that of typical X-ray sources , large crystals are required 
(approximately 10 mm3 in volume). To obtain single crystals of 
transition ~etal hydrides of this size is not easy. Moreover, neutron 
diffraction facilities are available at relatively few installations. 
However, a substantial number of transition metal hydride structures 
has been investigated by neutron diffraction and the nature of metal-
hydrogen bonding in these complexes has been better understood. 
The X-ray and neutron experiments not only determine "H-atom" 
coordinates with differing degrees of precision but they also define 
different quantities . The neutron experiment measures the proton site 
whereas the X-ray experiment measures the centroid of the associated 
atom electron density. Thus the hydrogen positions derived from 
X-ray studies are often closer to the metal atom than those 
determined by neutron diffraction. This is because the electron 
density centroid for a bound hydrogen atom is no longer centred on 
the nucleus but is displaced along the bond in the direction of the 
parent atom by ca 0.1 A. 
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For transition metal hydrides it was thought for some time that 
the proton might be embedded in the metal valence shell. However, 
with the publication of neutron diffraction studies it became evident 
that the metal -hydrogen bond lengths are a normal sum of the metal 
and hydrogen covalent radii. For bridging hydride ligands, neutron 
diffraction studies have revealed a consistent pattern of bent M- H-M 
bonds 1 07 , 11 3- 11 6 . Bridging M-H-M bonds are longer than terminal M-H 
bonds. 
The molecular geometry of transition metal hydride complexes is 
largely a function of the number and size of the ligands; the degree 
of distortion from ideal geometry increases with the bulkiness of the 
ligands as these ligands are displaced toward the small hydride group 
to minimize nonbonded contacts between the large ligands. 
The terminal hydride ligand exerts a strong trans influence as is 
evident from longer than usual M-L bond distances for ligands(L) trans 
to the hydride. 
3.1.2 Carbon monoxide 
Carbon monoxide is one of the most important ligands both in 
organometallic chemistry and in homogeneous catalysis 117 - 119 . It is 
particularly useful in stabilizing transition metals in low oxidation 
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states and metal carbonyl complexes are involved in many homogeneous 
catalysis reactions such as carbonylation reactions which include 
hydrocarbonylation, azacarbonylation, carbocarbonylation, oxacarbonyl-
ation and halocarbonylationll8,ll 9. 
A very large number of transition metal complexes containing 
carbonyl ligands has been prepared and characterized. It is apparent 
that the carbonyl ligand can coordinate to transition metals in 
several ways as seen in Figure 3. 1. This aspect of carbonyl chemistry 
has been reviewed by Colton and McCormick 1 20 . Terminal CO groups are 
most common but the triply bridging type has been found in only a few 
compounds. 
( i) terminal 
(ii) symmetri ca 1 µ2 
(iii) asymmetrical µ2 
(iv) semi-bridging µ 2 
(v) linear µ 2 
(vi) triple bridge µ 2 
Figure 3. l The six types 
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The bonding between a carbonyl ligand and a transition metal can 
be regarded as involving a-bonding formed by the donation of a lone pa ir 
of electrons of the carbon atom to the metal and n-backbonding from 
filled dn or hybrid dpn metal orbital to the empty pn*-orbital on 
carbon monoxide (Figure 3.2) . The a-donor and n-acceptor effects can 
be mutually reinforcing (the synergic effect). The nature of the 
bonds in metal carbonyls, especially metal-carbon and metal-metal 
bonds has been discussed by Braterman 12 1 . The ability of the 
carbonyl ligand to accept electron density from the metal into the 
empty n*-orbital is very useful for stabilizing transition metals in 
low oxidation states. 
0M~c=o= 
(a) 
( b) 
Figure 3.2 The metal-CO bonding 
(a) the formation of the metal + carbon a-bond using a lone 
pair of electrons on the carbon atom 
(b) the formation of the metal + carbon n-bond 117a 
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3. 1.3 Phosphines 
Phosphine ligands are one of the most common ligands found in 
transition metal complexes. The phosphine ligands play an important 
role in coordination chemistry122 , 123 . They are useful for 
stabilizing both high and low transition metal oxidation states, 
meta l hydrides and metal dinitrogen complexes. Phosphine li gands are 
also important in catalytic reactions 123 •124 . Transition metal 
phosphine complexes have been used as homogeneous catalysts for 
hydrogenation, isomerization and hydroformylation reactions. One of 
the most remarkable examples is RhCl(PPh3)3, which is the famous 
practical homogeneous catalyst in hydrogenation of alkenes 125 . 
A substantial number of transition metal complexes containing 
tertiary phosphine ligands is known but the nature of the metal -
phosphorus bond in such complexes is still not fully understood . The 
meta l-phosphorus bonding has been discussed in terms of (i) a o-bond 
formed by the donation of a lone pair of electrons from the phosphorus 
atom to the metal atom and (ii) TI-back donation from a filled meta l d 
orbital to an empty d orbital on the phosphorus atom (Figure 
3.3) 117a, 122 . Such a process would operate synergically. 
It seems that the postulation of TI -bonding in metal phosphine 
complexes is controversial 126 •127 . Phenomena such as trans influence 
which were once explained by TI-backbonding can be rationalized in 
terms of the strong o-donor ability of the tertiary phosphine 
ligands 128 •129 . Nevertheless, the dTI-dTI bonding could become more 
important in fluorophosphine metal complexes since the presence of 
the electronegative fluorine atoms lowers the energy of the phosphorus 
3d orbitals, thus enhancing TI -back donation from the metal. This is 
Filled 
Figure 3.3 The metal-phosphorus dn+dn bonding in the PX3 
ligand taking the internuclear axis as the z axis. 
An exactly similar overlap occurs in the yz plane 
using the d orbitals. yz 
l 00 
more likely to be important when the metal is in a very low oxidation 
state. It is interesting to note that recently the electronic 
structures of PH3, P(CH3)3 and PF3 have been examined with the aid of 
the self-consistent multipolar Xa calculations (SCM - Xa-DV) 130 . The 
result shows that the lowest empty orbital in then-acceptor PF3 
ligand is the n-symmet ry p-d hybrid which mostly consists of 
phosphorus 3p character. 
Electronic and steric effects are very important factors affect-
ing the chemical and physical properties of transition metal 
phosphine complexes. Altering the substituents on tertiary phosphine 
ligands can cause substantial changes in the behavior of the free 
ligands and of their complexes. The effect of steric factors has 
been discussed and reviewed by Tolman 131 • 132 . Examples of electronic 
effects have been reported by Kruck 39 and Nixon 133 . Changing the 
substituents on tertiary phosphine ligands can also cause marked 
changes in the catalytic behavior of their complexes. This was 
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studied by Wilkinson and his co-wor ke rs 134. The results showed that 
by changing para-substituents on Tris(tertiary phosphine)chloro-
rhodium(I) complexes, the hydrogenation activity was considerably 
changed. 
3. 1.4 Phosphido ligand, :PR2 (R = alkyl group) 
As mentioned earlier, considerable research effort has been 
concentrated on the properties of binuclear and polynuclear transition 
metal complexes particularly in relation to catalytic activity. Many 
of these complexes show a tendency to fragment and rearrange under 
reaction conditions, thus destroying their polynuclear 
character88 , 135 , 136 . One way to solve this problem is to use bridging 
ligands to assist in holding the metals together l37 -1 44 ,1 a2 . 
Phosphido ligands have attracted attention because they resemble 
the trialkylphosphine ligands, PR3 which are found in many mo nonuclear 
catalysts and they can serve as bridges between two metals . A large 
number of phosphido-bridged transition metal complexes and clusters 
i s now known. The bridging phosphido group can retard fragmentation 
reactions in many of their compounds 13 7-14 4, 1a2 . 
The current high level of interest in phosphido-bridged binuclear 
transition metal complexes has focused on their preparation and 
structures and on theoretical studies and investigations of 
reactivityl41,14 5,1 82 . The heterobinuclear phosphido-bridged com-
plexes are not as well studied as the homobinuclear species but 
during the past few years a numbe r of heterobimetallic compounds 
containing bridging organophosphido ligands has been prepared and 
characterizedl 37,141,14 6,1 82. 
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3.1.5 Cyclopentadienyl ligand 
The cyclopentadienyl ligand is also one of the most common 
ligands found in transition metal complexes . In general, the c5H5 
ligand-metal bonding may be of the n-cyclopentadienyl, 
a-cyclopentadienyl or ionic cyclopentadienide type but the latter two 
types are less common. 
For n-cyclopentadienyl complexes, electrons are donated from the 
ring n system to empty metal dn-orbitals . The first example of this 
5 type of complex was (n -C5H5)2Fe,commonly called ferrocene, which was 
independently discovered by two groups: Kealy and Pauson, and Miller , 
Tebboth and Tremaine in 1951 147 . The features of the bond ing in 
ferrocene are now well understood and can apply to almost all 
(n-CnHn)M bonding 117a. For a-cyclopentadienyl complexes, only one 
carbon of the ring is bound to the metal such as in (n1-C5H5)HgX 
(X = n1-C5H5, Cl, Br and I) complexes 148 . The c5H5 group can also act 
as a bridge between two metal-metal bond atoms as in Oi -µ- (cyclo-
pentadienyl)-bis(tri-isopropylphosphine)dipalladium(I), 
(µ- C5H5)2Pd 2(PPr~) 2 complex 149 . 
Structure and bonding of some cyclopentadienyl comp lexes have 
been discussed by Barnett 1 50 and Lauher and Hoffman 151 . The chemistry 
of n-cyclopentadienyl ligands in transition metal complexes has been 
exclusively reviewed by Watts 152 . The application of cyclopentadienyl 
complexes of transition metals has been discu ssed by Kochetkova and 
Krynkina 1 53 . 
3.2 Synthetic methods 
A characteristic of cluster chemistry is that, until recently, 
relatively few clusters had been prepared using rational synthetic 
methods. With a few exceptions, this statement also applies to the 
preparation of mixed transition metal clusters. A wide variety of 
synthetic routes has been employed in the preparation of mixed metal 
clusters 86 , 88 . Examples are: 
(i) ligand substitution reactions, as in the cases of 
[WRe(C0) 9(CCH3)J, [FeCo(C0) 8J- and [WRhH2(PPh3)2(n
5
-C5H5)2J+ 
(ii) addition reactions, as in the preparation of 
[( n5-C5H5)2wH 2Mo(C0) 5J, [CoNi 2(C0) 2(n
5
-C5H5)3J and 
5 trans -[Pt{Fe(C0) 2(n -C5H5)}Cl(PPh3)2] 
(iii) condensation reactions for the preparation of [Co2(C0) 8], 
[ (PPh3)AuMn(C0) 5], [FePd( µ-PPh2)( µ-Cl)(C0) 4J2 and [(PPh3)AuCo(C0) 4] 
(iv) metal exchange reactions, as in the preparation of 
[ReMn(C0)10J, [CrNi(C0)4( n5-C5H5)2J and [M0Mn(C0)3( n5-C5H5)J 
(v) bridge-assisted reactions for the preparation of 
Ph 
[FeCo(µ-PPh 2)(C0) 7J 
Ph2 
5 / p ~ (n -C5H5)Rh~ /Fe(C0) 3 
p 
Ph2 
and 
(vi) modification of preformed metal-metal bonded compounds, as 
in the cases of [Ru3coH(C0) 13J and [MoWFeCo(µ-S)(As(CH 3)3)(C0)7-
5 (n -C5H5)2J 
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(vii) other synthetic methods including pyrolysis reactions, as in 
A new method of preparing mixed binuclear bimetallic systems has 
been developed in this School by Bennett and Gell 1 54 . It involves 
oxidative addition of a suitably activated transition metal hydride 
complex L~M'-H to a low valent group VIII complex (Mln) (equation 3 .1 ) . 
H 
L'M'-H + ML - L M( 
m n n ' M'L' 
m 
The two complexes (n5-C5H5)W(C0) 3PtH(PPh3)2 and 
(n 5-C5H5)(CO)W(µ-C0) 2Rh(PPh 3)2 containing carbonyl groups, 
( 3 . l ) 
5 5 l the two carbonyl free complexes (n -C5H5)W(µ-H) 2(µ- n :n -C5H4)Rh(PPh3)2 
5 5 l 
and (n -C5H5)MoH( µ- PPh 2)(µ -n :n -C5H4)Rh(PPh3)2 were prepared using 
this method . 
Since the structures of these compounds could not be comp letely 
defined by spectral methods , X-ray characterization was undertaken . 
During the course of the present work, structural analyses of 
the mo l ybdenum analogues of (n5-c5H5)W(C0) 3PtH(PPh3)2155 and 
(n5-c5H5)(CO) W(µ -C0) 2Rh(PPh3)2156 were reported by other research 
gro ups . 
CHAPTER 4 
CRYSTAL AND MOLECULAR STRUCTURE OF 
5 (n -C5H5)W(C0)3PtH(PPh3)z . O.SC5H5CH3, PtW 
4.1 Introduction 
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5 (n -C5H5)W(C0) 3PtH(PPh3)2 was prepared in high yield by reaction 
of (n5-C5H5)W(C0) 3H with the electron-rich Pt(O) complex 
Pt(C2H4)(PPh3)21 5 4 (equation 4.1) 
( 5 toluene 5 n -C5H5)W(C0)3H + Pt(CzH4)(PPh3)2 --- (n -C5H5)W(C0)3PtH(PPh3)2 
-78° C- RT 
( 4 . l ) 
The bright yellow crystals of this compound suitable for an X-ray 
structure determination were grown under nitrogen by slow diffusion 
of n-hexane into the toluene solution. 
Some interesting features of this compound are: 
(i) It contains a terminal hydride ligand bound to Pt. Dinuclear 
hydridocarbonyl complexes are model compounds for carbon monoxide 
reduction. 
(ii) It is coordinatively unsaturated. Many routes to binuclear or 
cluster compounds give saturated species . 
(iii) The W-Pt bond remains intact in nonpolar solvents . However, 
in weakly coordinating solvents, e . g. CH3CN the W-Pt bond is reversibly 
broken. 
This chapter describes the solution and refinement of the crystal 
struc ture of (n5-c5H5)W(C0) 3PtH(PPh3)2.o. sc6H5cH3 and discusses the 
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results obtained therefrom. During the course of the present work, a 
structure analysis of the molybdenum analog of this compound, 
5 (n -C5H5)Mo(C0) 3PtH(PPh3)2 was reported by another research group 1ss . 
4.2 Data acquisition 
Preliminary data exhibited 2/m Laue symmetry and systematic 
absences hOt : h + t = odd and OkO : k = odd which uniquely define 
space group P2 1/n (non-standard setting of P2 1/c (C~h; No. 14)). 
Accurate cell parameters were obtained by least-squares analysis 
from the settings of 12 high angle reflections (82 °< 28 < 101 ° ) 
centred on the Picker FACS-1 diffractometer with graphite monochromated 
CuKa 1 radiation. Intensity data were collected on the Philips 
PW 1100/20 diffractometer with graphite monochromated MoKa radiation. 
Crystal data and instrumental parameters are summarized in Table 4.1. 
A total of 9912 data in the form ± h + k + t out to 28 = 55° were 
collected. Three standard reflections (12 0 4, l 12 0 and l O 13) 
were measured every two hours to monitor intensity fluctuations. The 
intensities of standards dropped by 5.9, 6. 1 and 9.3% respectively 
during the course of data collection. 
The data were corrected for Lorentz, polarization and crystal 
degradation effects using the CRYSTAN program . Reflections were sorted 
and equivalent reflections were averaged using the program SORTER . 
Only those reflections with I ~ 3a(I) were considered observed and 
were used for the calculation . Data were corrected subsequently for 
specimen absorption but not for extinction effects. 
The measured density (1.80 g.cm- 3, by flotation in ZnBr2 
aqueous solution) indicates the presence, in the crystals, of ca 0.5 
mo lecule of solvent (toluene) per molecule of complex (Dc for 
(n5-C5H5)W(C0)3PtH(PPh3)z .0.5C5H5CH3 = 1.81 g.cm-3). 
4.3 Solution and refinement of the structure 
The structure was solved by the heavy atom method . For space 
group P2 1/n the equivalent positions in the unit cell are: 
X 
-x 
.5-x 
.5+x 
y 
-y 
.5+y 
.5-y 
z 
-z 
. 5-z 
.5+z 
Thus, the vectors between symmetry-related atoms generate Patterson 
peaks at 
0 0 0 origin 
. 5+2x . 5 .5+2z Harker plane 
. 5 .5+2y . 5 Harker line 
2x 2y 2z 
The Patterson function calculated in the space group P2/m over 
the range 0.0 ~ u ~ 1.0, 0.0 ~ V ~ 0.5 and 0.0 ~ w ~ 0.5 gave seven 
high maxima which correspond to Pt-Pt, Pt-Wand W-W vectors as shown 
below: 
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p Coordinates Types of vectors 
248 .0317 . 5 .3720 
2 223 . 5 .3718 . 5 between symmetry-related Pt 
3 91 .4681 . 1206 . 1285 
4 202 .8909 . 5 .4484 
5 195 . 5 .3333 . 5 between symmetry-related W 
6 99 . 6096 . 17 51 .0527 
7 219 . 0692 . 3517 .4640 between Pt and W 
The fractional coordinates of Pt and Ware thus .2342, .0641, .0640 and 
-. 1954, .0834, .0258 respectively. The difference Fourier synthesis 
with phases from a Pt and W atoms only scattering model revealed two 
P and twenty-seven C atoms. These atoms were included in the refinement 
with isotropic thermal parameters. This gave the R factor= 0. 104. 
A subsequent difference synthesis then allowed the location of all 
remaining non-hydrogen atoms other than those in the solvent (toluene) 
molecule. 
For further refinement it was decided to use the block-diagonal 
least-squares method using the program BL KLSQ (instead of the full-
matrix technique) to minimize computer storage requirements. A cycle 
of unit weight refinement with all non-hydrogen atoms isotropic reduced 
the R factor to 0.077. 
In the next six cycles, anisotropic thermal parameters were 
applied to Pt, Wand two P atoms. The weighting scheme used was 
2 w = l/a1(F0 ). All hydrogen atoms except those of the toluene molecule 
and the hydride ligand were included at calculated positions but were 
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not refined. The R factor dropped to 0.060. 
A difference Fourier synthesis was calculated to locate the 
carbon atoms of toluene. The peaks from the map indicate that the 
toluene molecule is disordered about an inversion centre. Bond 
distances and bond angles derived from these peak positions were 
chemically unreasonable such as C-C = 1.6 A and C-C-C = 135° . These 
positions were adjusted until they gave C-C bond lengths in the ring 
close to 1.40 A, the C-C bond distance from the methyl carbon atom to 
the ring close to 1.53 A and C-C-C bond angles close to 120° . 
At this stage, the intensity data were corrected for absorption 
effects using the program SHELX. The refinement was continued using 
these absorption corrected data together with the SHELX full-matrix 
least-squares routine. 
In the first two cycles, the Pt, W, P, 0, cyclopentadienyl and 
carbonyl carbon atoms were refined isotropically. All phenyl groups 
except the phenyl ring of toluene were refined as rigid groups with 
C-C distance of 1.380 A and with each carbon atom assigned an 
individual isotropic thermal parameter. The rigid body model for 
phenyl groups was continued in all subsequent refinement cycles. For 
toluene, atoms were refined with the C-C bond length in the ring 
constrained to 1.395 A and the distance from the methy l carbon atom 
to the ring was constrained to 1.53 A. The mean-square amplitude of 
vibration (u 2 ) of carbon atoms in toluene was fixed at 0.05 A2 but 
the site occupation factor was assigned to be 0.5 and was refined. 
The weighting scheme used was w = k/ cr~(F
0
). This gave the R value = 
0.049 and a refined occupancy parameter= 0.45. 
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For the next two cycles\ anisotropic thermal parameters were 
specified for Pt, W, P, 0, cyclopentadienyl and carbonyl carbon atoms, 
and hydrogen atoms (except the toluene methyl hydrogens) were 
included in the scattering model (C-H = 0. 95 A assumed). A group 
temperature factor for the cyclopentadienyl hydrogen atoms set and a 
common group temperature factor for all phenyl hydrogens (except that 
of toluene) were refined. u2 for toluene hydrogens was fi xed at 0.05 A2. 
This reduced the R factor to 0.033. 
The difference Fourier synthesis based on this model revealed a 
peak of 0.69 e.A-3 at . 3159, .5007, .3985 which is about 1.47 A from 
the platinum. This peak lies close to the bisector of the P2-Pt-W 
angle which is the expected position for the hydride li gand. There-
fore this peak was included in the refinement as the hydride li gand 
and was refined isotropically. After two cycles of the refin ement 
the fractional coordinates of the hydride refined to . 3089 , .4922 , 
.3911 with the u2 value= 0.05(2) A2. 
In the next two cycles, the site occupation factor of toluene was 
fixed at the refined value of 0. 45 and a common u2 for all atoms in 
toluene was refined. The R factor at this stage was also 0. 033 . 
u2 for all atoms in toluene was fi xed at the refined value of 
0.0669 A2 in the next two cycles while the site occupation factor 
refined to be 0.49. The R factor remained at 0.033. 
For the next cycles, the site occupation factor of toluene was 
fixed at 0.5 whereas a common u2 for all atoms of toluene was refined. 
The refinement converged in six cycles giving the R value of 0. 033 
and the Rw value of 0.035. The weighting scheme applied in the final 
2 cycle was l.4990/ o2(F0 ). By comparing calculated and observed 
structure factor amplitudes, no evidence of extinction effects could 
be observed . A final difference Fourier synthesis gave two peaks of 
1 .32 and 0.98 e .A- 3 near the Pt atom and one peak of 1.01 e.A- 3 near 
A-3 the W atom, all other peaks were less than 0.80 e. . The maximum 
ratio of shift to estimated standard deviation was 0. 03. A summary 
of the structure solution and refinement is given in Table 4.2. 
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Table 4. 1 
Chemical formula 
Formula weight 
Systematic absences 
Space group 
Boundary faces of crystal 
(distance from origin (mm)) 
Radiation used for measurement 
of cell dimensions 
Diffractometer used for refinement 
of cell dimensions 
Number of reflections used for 
refinement of cell dimensions 
Unit cell dimensions: 
Volume 
F(OOO) 
Measured density, Om 
1099.73 
hO Q. h+ Q. = odd 
OkO k = odd 
P2/n 
0 1 1 (0.154) 0 
o r 1 ( 0 .067) 0 
r r 
1 r 
1 o r (0.141) r o 1 
Picker FACS-1 
(0) 
(0) 
(0) 
(graphite monochromator) 
12 reflections (2 8 range from 
82 to 101° 
a= 15.369(1), b = 16.402(1) 
C = 16.463(1) A, B = 103.147(7) 0 
4041.26 .&. 3 
2124 
1.80 g.cm-3 (by flotation in 
ZnBr2 aqueous solution) 
Table 4.1 (continued) 
Formula units per cell, z 
Calculated density, Dc 
Radiation used for data collection 
Diffractometer used for data 
collection 
Linear absorption coeffient, µ 
Absorption correction method 
Transmission factors: max 
min 
Range of 28 in intensity measurement 
Form of data collected 
Axis parallel <I> 
Monochromator, 28 
Dispersion factor, 6 
Scan mode 
Scan width, 28 
Scan speed 
Total background count time 
4 
-3 1.81 g.cm 
MoKa (A = 0.7107 A) 
Philips PWll00/20 
(graphite monochromator) 
64.86 cm-l (MoKa ) 
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numerical absorption correction 
.676 
.378 
6 - 55° 
±h+k +£ 
[011] 
12.18 ° 
0.692tan 8 
8-2 8 scan 
1.80 + 0.692tan 8 
2 0 • -1 min 
20 sec 
1able 4.1 (continued) 
Standard reflections (percentage 
drop in intensity) 
Frequency of measuring of 
standard reflections 
Number of reflections measured 
Number of unique reflections 
with I ~ 3cr ( I) 
Criterion of data quality 
Instrumental "uncertainty factor" 
12 0 4 (5.9) 
I 12 o (6.1) 
I o 13 (9.3) 
every 2 hours 
9261 
6415 
RC= 0.028 
0.0016 
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Table 4.2 
Method used to solve the structure 
Least-squares refinement method 
Function minimized 
Anomalous dispersion included for 
Initial weights for refinement 
Final weights for refinement 
-data before correcting for absorption 
-data after correcting for absorption 
Final scattering model 
Patterson heavy atom 
early stages: block-diagonal 
final stages: full-matrix with 
rigid groups 
Pt,W,P,C,0 
w = 1.0 
w = 1/cr/(F
0
) 
w = k/cr/(F
0
) 
5 For (n -C5H5)W(C0) 3PtH(PPh3)2 
-Pt,W,P,0,cyclopentadienyl and 
carbonyl C refined anisotro-
pically 
-all phenyl rings = rigid groups 
(C-C = 1.380 Al, an individual 
isotropic temperature factor for 
each C refined 
-the hydride refined isotropically 
Table 4.2 (continued) 
Final R 
Final Rw 
Final weighting scheme 
Ratio of observations variables 
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-other H included at calculated 
positions (C-H = 0.95 A) 
and allowed to "ride" on the 
attached C atoms, a common group 
temperature factor for all phenyl 
H atom sets and a group temperature 
factor for the cyclopentadienyl 
H atom set refined 
For toluene 
-C refined (C-C in the ring 
constrained to 1.395 A, methyl C 
to the ring constrained to 1.53 A) 
-methyl Hnot included 
-other H included at calculated 
positions (C-H = 0.95 A), not 
refined 
-site occupation factor fixed 
at 0.5 
-a common u2 for all atoms refined 
0.033 
0.035 
6415:236 
Ratio of maximum parameter shift 0.03 
to error in final cycle 
Final difference map: 
- highest peak 
- small est peak 
2-3 1.32 e.A (near Pt) 
11-3 
-0.82 e.A 
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4.4 Results and discussion 
The crystal structure consists of discrete molecular units of 
5 (n -C5H5)W(C0) 3PtH(PPh3)2 and toluene solvent molecules. The atomic 
numbering scheme and a view of the molecule are shown in Figure 4.1. 
Hydrogen atoms are numbered according to their bonded carbon atoms . 
Thermal ellipsoids for non-hydrogen atoms are drawn at 30% probability 
level. Those for hydrogen atoms are drawn arbitrarily small 
(radius= 0. 11 A). A stereoview of the packing arrangement (with 
hydrogen atoms omitted for clarity) is given in Figure 4.2. Figure 
4.3 shows the coordination of the tungsten atom as seen projected on 
to the cyclopentadienyl plane and as viewed from the side. 
The final structural parameters, with their estimated standard 
deviations are reported in Table 4.3; Table 4.4 gives some bond 
lengths and bond angles. Selected intramolecular non-bonded distances 
are given in Table 4.5 . Some least-square s planes and distances of 
atoms from these planes are shown in Table 4.7. Table 4. 8 presents 
the comparison of some bond lengths and bond angles in 
(n5-C5H5)W(C0) 3PtH(PPh3)2 with those in some other structures 
containing the [( n5-c5H5)W(C0) 3J moiety. 
The molecular geometry of this complex is similar to that of 
(n 5-c5H5)Mo(C0) 3PtH(PPh3)21 55 details of which appeared while the 
present work was in progress . Bond distances and bond angles in these 
complexes are compared in Table 4. 6. 
5 The molecule of (n -C5H5)W(C0) 3PtH(PPh3)2 consists of a Pt atom 
bonded to two triphenylphosphine ligands, to a [( n5-c5H5)W(C0) 3J 
moiety and to a hydride l igand. This complex can be regarded as 
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containing a Pt(II) 16-electron centre if (n5-c5H5)w(co) 3- is 
considered as 2-electron donor. The Pt-W bond distance (2 .8382(4) A), 
though longer than the sum of the metallic radii (2.758 A)7 6f,7 Gg, is 
equal to the Pt-Mo bond distance (2.839(1) A) found in 
(n5-C5H5)Mo(C0) 3PtH(PPh3)2155 . 
The W, Pl, P2 and hydride donors form a square planar geometry 
about the Pt atom but there is a distortion toward tetrahedral 
geometry which is clearly shown by the deviations from the mean plane 
(Table 4.7). This distortion is due to the steric repulsions between 
the bulky ligands. The P2-Pt-W bond angle (149.74(4) 0 ) shows that the 
P2 triphenylphosphine ligand and the [(n5-C5H5)W(C0) 3J moiety are 
displaced toward the hydride ligand since this angle is considerably 
smaller than the expected value of 180° . Similar distortion is also 
found in the manganese(!) hydride complex HMn(C0) 5157 (Figure 4.4) 
which exhibits the expected octahedral geometry, but has the cis CO 
groups bent toward the hydride ligand so that the C-Mn-C angles are 
167° and 164° , rather than 180° expected for ideal octahedral coordina-
tion. Movement of the ligands from the ideal coordination geometry 
toward the small hydride group is usually observed in transition metal 
hydride complexes especially if the complexes contain a bulky ligand 
such as triphenylphosphine. The degree of distortion from ideal 
geometry increases with the bulkiness of the ligands. The reason for 
this distortion is to relieve non-bonded interactions between the 
large ligands . 
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Figure 4.4 Molecular structure of HMn(C0) 5. 
The two Pt-P distances, though lying within the range commonly 
observed in Pt(II) compounds are significantly different from one 
another. The Pt-P bond trans to the terminal hydride (Pt-Pl = 
2.357(2) A) is significantly longer than the bond trans to the W atom 
(Pt-P2 = 2.256(2) A) . This bond lengthening implies that the 
hydride ligand has a higher trans influence than the [(n5-c5H5)W(C0) 3] 
moiety. A similar effect is observed in (n5-C5H5)Mo(C0) 3PtH(PPh3)2 
(Pt-Pl = 2.355(3) and Pt-P2 = 2.264(3) A) 15 S . 
The geometry of the triphenylphosphine ligand in PtW closely 
resembles that of the triphenylphosphine derivatives in other 
transition metal complexes158 , as judged by P-C di stances (range from 
1.845(3) to 1.856(4) and average l.850(3) A), the C-P-C angles (from 
99.8(2) to 109.7(2) and average 103.3( 2) 0 ), and the P-C-C angles 
(from 115.8(1) to 124.0(1) and average 120.0( 1) 0 ). 
The Pt-H distance of l.53(7) A is comparable with the distances 
l.5 A (X-ray data) found in trans -[(PPh3)2H(CH2CN)Pt] 1 58 and l. 552(5) A 
(neutron data) found in trans -[(P-i -C3H7)2HC1Pt] 1 59 . In 
(n5-c5H5)Mo(C0) 3PtH(PPh3)21 55 the terminal hydride could not be 
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located on the Fourier difference map but was placed at 1.6 A from Pt 
on the bisector of the l arge P-Pt-Mo angle. In PtW the hydride 
ligand is apparently displaced ca 10(2) 0 from the bisector of the 
P2-Pt-W angle toward the [(n5-c5H5)W(CO) 3] moiety [H-Pt-P2 = 86(2) 0 , 
H-Pt-W = 65(2) 0 and H-Pt-Pl = 173(2) 0 ]. Since hydrogen atom 
coordinates can often be seriously affected by undetected systematic 
data and/or model errors, the extent to which the apparent hydride 
atom displacement is real (as distinct from statistically significant) 
is uncertain. 
5 The W atom is bonded to the (n -C5H5) ring, to the Pt atom and 
to three carbonyl groups. If the cyclopentadienyl ligand is regarded 
as a tridentate 6-electron donor, the coordination number of the W 
atom is seven. The configuration about the W atom is best described 
as the four-legged piano stool in which the cyclopentadienyl ring acts 
as the seat of the stool and W-Pt and W-carbonyl bonds act as legs of 
the stool. The four-legged piano stool geometry around the metal atom 
is usually observed in (n5-c5H5)M(C0) 3X (M = Cr, Mo, W) derivatives 
such as (n5-C5H5)W(CO) 3AuPPh 3160 , (n
5
-C5H5)W(CO) 3Cl 161 , 
[( n5-C5H5)W(C0) 3J2162 , (n
5
-C5H5)Mo(CO) 3Cl 161 , (n
5
-C5H5)Mo(CO) 3HgC1 161 , 
[( n5-C5H5)Mo(C0)3J2 162,163 and [( n5-C5H5)Cr(C0)3J21 64 _ 
The five carbon atoms of the cyclopentadienyl ring are coplanar 
to within experimental error . The perpendicular distance from the W 
atom to this plane is 2. 0354(3) A which is similar to the corresponding 
values of 2. 01 A observed in (n5-c5H5)W(CO) 3AuPPh3160 and 
[(n5-c5H5)w(CO) 3]2162 but is longer than 2.001 observed in 
(n5-c5H5)w(co) 3c11Gl (see Table 4.8). The C-C distances in the cyclo-
pentadieny l ring vary from 1.35(1) to 1. 42( 1) A (mean 1. 38(1) A) . 
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The angles C-C-C vary from 107.4(9) to 110 .4(9) 0 (mean 107.9(8) 0 ). 
These C-C bond distances and C-C-C bond angles are in the range 
observed in (n5-C5H5)W(CO) 3AuPPh3160 , (n
5
-c5H5)w(co) 3c1 161 and 
[( n5-C5H5)W(CO) 3J2162 . The W-C (cyclopentadienyl ring) di stances 
range from 2.332(8) to 2.366(7) A (mean 2.352(7) A) and seem to 
indicate a slight ring tilt away from the hydride ligand and toward 
the C42 carbonyl ligand. These W-C distances are in the range observed 
5 60 5 in (n -C5H5)W(CO) 3AuPPh31 , (n -C5H5)W(CO) 3c1 161 and 
[(n5-C5H5)W(C0)3J21 62 _ 
In PtW, distances within the three carbonyl groups W-C42- Ol, 
W-C43-O2 and W-C44-O3 are W-C 1.935(7), 1.968(6) and 1.957(7) A and 
C-O 1.151(7), 1.159(7) and 1.167(7) A respectively. These distances 
are comparable to those reported for (n5-c5H5)W(CO) 3AuPPh316 0, 
(n5-C6H5)W(C0) 3Cl 161 and [( n
5
-c5H5)W(CO) 3J216 2. The an gles W-C-0 
for C43 and C44 carbonyls (170.0(5) and 170.4( 6) 0 ) devi ate from 
linearity by about 10° while the angle W-C42-Ol (1 76 .1 (6) 0 ) dev i ates 
by only 4° . The non-linearity of the M-C-O an gl es i s commo nl y 
observed in a M(CO)n group where n = 2, 3 and 4. Thi s i s a resu l t of 
the difference in overlap for the two non-equival ent n*-orbita l s of 
terminal carbonyl groups, as discussed by Kett l e165 . However, the 
M-C-O angles are found to deviate by onl y sma ll values (ca 5°) fo r a 
wide variety of systems 166 . The large devi ation of W-C-O ang l es for 
the C43 and C44 carbonyl groups in the present compound i s pro ba bly 
due to the steric effect of the bulky phosphine ligands. Thi s 
effect is not clearly seen in (n5-C5H5)W(CO) 3Au(PPh3)160 becau se of 
the large error on these bond angles . 
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Figure 4.1 
The molecular structure of {n5-c5H5)W{C0) 3PtH{PPh3)2.0.5C6H5cH 3. 
Figure 4.2 
A stereoscopic view of the unit cell of {n5-c5H5)W{C0) 3PtH(PPh3)2.o.sc6H5cH 3. 
...... 
N 
w 
01 
03 02 
Pt 
(a) 
C39 
Pt 01 
(b) 
Figure 4.3 
Coordination of the tungsten atom (a) projected on to 
the cyclopentadienyl plane, and (b) viewed from the side. 
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Table 4.3 
Atomic coordinates and thermal parameters for ( n5-c5H5)W(C0) 3PtH(PPh3)2 .0.5C6H5CH 3 
Atom x/a y/b z/c !311 !322 !3 3 3 !3 12 !313 
Pt 0.26623(1) 0.56032(1) 0.43654(1) 0.00273(1) 0.00204(1) 0.00194(1) 0.00013(1) 0.00041(1) 
w 0.30409(2) 0.41213(2) 0.52667(2) 0.00303(1) 0.00203(1) 0.00220(1) 0.00011 ( 1) 0.00060(1) 
Pl 0.20830(9) 0.65346(9) 0.51967(10) 0.00237(6) 0.00223(6) 0.00231(7) -0.00010(5) 0.00052(5) 
P2 0.24814(10) 0.62987(9) 0.31560(9) 0.00281(7) 0.00205(6) 0.00202(6) 0.00006(5) 0.00030(5) 
C37 0.3192(6) 0.3304(4) 0.4122(5) 0.0082(6) 0.0030(3) 0.0037(4) 0.0003(3) 0.0015(4) 
C38 0.2796(6) 0.2828(5) 0.4647(7) 0.0074(5) 0.0029(3) 0.0075(6) -0.0008(3) 0.0018(5) 
C39 0.3404(9) 0.2739(5) 0.5378(6) 0.0148(10) 0.0035(4) 0.0048(5) 0.0034(5) 0.0041(6) 
C40 0.4178(7) 0.3148(6) 0.5352(6) 0.0066(5) 0.0062(5) 0.0053(5) 0.0035(4) -0.0003(4) 
C41 0.4033(5) 0.3505(5) 0.4545(6) 0.0055(4) 0.0044(4) 0.0065(5) 0.0000(3) 0.0032(4) 
C42 0.2816(4) 0.4091(4) 0.6376(4) 0.0031(3) 0.0029(3) 0.0029(3) -0.0003(2) 0.0008(2) 
C43 0.3718(4) 0.5105(4) 0.5710(4) 0.0032(3) 0.0020(2) 0.0035(3) 0.0000(2) 0.0008(2) 
C44 0.1781(4) 0.4431(4) 0.4924(5) 0.0036(3) 0.0027(3) 0.0042(3) -0.0004(2) 0.0005(3) 
01 0.2717(3) 0.4038(3) 0.7046(3) 0.0053(3) 0.0056(3) 0.0030(2) 0.0000(2) 0.0017(2) 
02 0.4192(3) 0.5608(3) 0.6054(3) 0.0045(3) 0.0033(2) 0.0054(3) -0.0011(2) -0.0008(2) 
03 0.1007(3) 0.4499(3) 0.4711(4) 0.0027(2) 0.0046(3) 0.0091(4) -0.0009(2) -0.0002(2) 
!323 
0.00015(1) 
0.00004(1) 
0 .00001( 5) 
0.00015(5) 
-0.0013(3) 
-0.0018(4) 
0.0007(3) 
-0.0028(4) 
-0.0021(4) 
0.0003(2) 
0.0003(2) 
0.0007(2) 
0.0007(2) 
0.0005(2) 
0.0025(3) 
...... 
N 
<.n 
Table 4.3 (continued) 
Atom x/a y/b z/c B ( A2) Atom x/a y/b z/c B ( A2) 
Cl 0.1891(3) 0.6192(3) 0.6216(2) 2.7(1) C23 0.1802(2) 0.8702(2) 0.3287(3) 4.2(1) C2 0.1061(3) 0.5901(3) 0.6260(2) 3. 7 ( 1) C24 0.2270(2) 0.7977(2) 0.3374(3) 3.3(1) C3 0.0901(3) 0.5669(3) 0.7019(2) 4.5(2) C25 0.1864(2) 0.5682(2) 0.2274(2) 2.6(1) C4 0.1571(3) 0.5729(3) 0. 77 34 ( 2) 4.8(2) C26 0.1413(3) 0.4990(2) 0.2422(2) 3 .0( 1) C5 0.2402(3) 0.6021(3) 0.7690(2) 4.7(2) C27 0.0943(3) 0.4534(2) 0.1762(2) 4.1(1) C6 0.2561(3) 0.6252(3) 0.6931(2) 3.8(1) C28 0.0925(3) 0.4770(2) 0.0954(2) 4.4(1) Cl 0.2833(2) 0.7413(2) 0.5545(3) 2.5(1) C29 0.1376(3) 0.5462(2) 0.0806(2) 4.4(2) C8 0.2646(2) 0.7993(2) 0.6089(3) 3.1(1) C30 0.1845(3) 0.5918(2) 0.1466(2) 3.9(1) C9 0.3253(2) 0.8607(2) 0.6375(3) 3.7(1) C31 0.3528(2) 0.6525(3) 0.2819(3) 2.6(1) Cl0 0.4046(2) 0.8640(2) 0.6117(3) 3.5(1) C32 0.3652(2) 0.7241(3) 0.2420(3) 3.9(1) Cll 0.4232(2) 0 .8061( 2) 0.5573(3) 3.3(1) C33 0.4427(2) 0.7361(3) 0.2146(3) 4.8(2) Cl2 0.3626(2) 0.7447(2) 0.5287(3) 2.8( 1) C34 0.5078(2) 0.6766(3) 0.2273(3) 4.3(1) C13 0.0966(2) 0.6906(3) 0.4657(3) 2.7(1) C35 0.4954(2) 0.6050(3) 0.2672(3) 3.9 ( 1) C14 0.0424(2) 0.6343(3) 0.4160(3) 3.3(1) C36 0.4179(2) 0.5929(3) 0.2945(3) 3.3(1) C15 
-0.0447(2) 0.6544(3) 0.3785(3) 3.9(1) C45 0.3405(9) 0.5076(16) -0.0183(14) 6.2(2) C16 
-0.0775(2) 0.7306(3) 0.3907(3) 4.4(2) C46 0.4416(8) 0.4998 -0.0044(12) 6.2(2) Cl7 
-0.0233(2) 0.7868(3) 0.4404(3) 5.6(2) C47 0.4975(9) 0. 5256 ( 17) 0.0701(14) 6.2(2) C18 0.0638(2) 0.7668(3) 0.4779(3) 4.4(2) C48 0.5903(9) 0.5217(11) 0 .0834( 11) 6.2(2) C19 0.1865(2) 0.7275(2) 0.3009(3) 2.4(1) C49 0.6295(11) 0.4981(15) 0.0186(11) 6.2(2) C20 0.0991(2) 0.7298(2) 0.2557(3) 2.9(1) C50 0.5740(9) 0.4723(11) -0.0562(11) 6.2(2) C21 0.0522(2) 0.8023(2) 0.2470(3) 3.7(1) C51 0.4812(9) 0.4766(17) -0.0691(14) 6.2(2) C22 0.0928(2) 0.8725(2) 0.2835(3) 4.2( 1) I-' 
N 
m 
Table 4.3 (continued) 
Atom x/a y/b z/c B ( A2) Atom x/a y/b z/c B ( A2) 
H 0.310(4) 0.494(4) 0.393(4) 5(2) H20 0.071 0.681 0.231 6.0 H37 0.292 0.346 0.357 8.0 H21 
-0.008 0.804 0.216 6.0 H38 0.221 0.261 0.451 8 .0 H22 0.061 0.922 0.278 6.0 H39 0.331 0.244 0.584 8.0 H23 0.208 0.919 0.354 6.0 H40 0.470 0.319 0.579 8.0 H24 0.287 0. 796 0.369 6.0 H41 0.445 0.383 0.434 8.0 H26 0.143 0.483 0.298 6.0 H2 0.060 0.586 0.577 6.0 H27 0.063 0.406 0.186 6.0 H3 0.033 0.547 0.705 6.0 H28 0.060 0.446 0.050 6.0 H4 0.146 0.557 0.826 6.0 H29 0.136 0.563 0.025 6.0 HS 0.286 0.606 0.818 6.0 H30 0.216 0.639 0.136 6.0 H6 0.313 0.645 0.690 6.0 H32 0.320 0.765 0.233 6.0 H8 0.210 0.797 0.627 6.0 H33 0.451 0.785 0.187 6.0 H9 0.313 0.901 0.675 6.0 H34 0.561 0.685 0.208 6.0 Hl0 0.446 0.906 0.631 6.0 H35 0.540 0.564 0.276 6.0 Hll 0.478 0.808 0.540 6.0 H36 0.409 0.544 0.322 6.0 H12 0.375 0.705 0.491 6.0 H47 0.472 0.547 0.113 6.2 H14 0.065 0.582 0.408 6.0 H48 0.627 0.535 0.137 6.2 HlS 
-0.082 0.616 0.344 6.0 H49 0.693 0.499 0.025 6.2 H16 
-0.138 0.744 0 .365 6.0 HS0 0.600 0.451 
-0.099 6.2 H17 
-0.046 0.839 0.449 6.0 H51 0.445 0.464 
-0.122 6.2 Hl8 0.101 0.806 0.512 6.0 
...... 
N 
-...J 
Table 4.4 128 
Important bond lengths and bond angles for 
5 ( n -C5H5)W(C0) 3PtH(PPh3)2.0.5C6H5cH 3 
(a) Bond lengths (A) 
Pt-W 2.8382(4) Pt-Pl 2.357(2) Pt-P2 2.256(2) 
Pt-H 1.53(7) W-C37 2. 366 ( 7) W-C 38 2.347(8) 
W-C39 2.332(8) W-C40 2.347(7) W-C41 2.363(7) 
W-C42 1.935(7) W-C43 1.968(6) W-C44 1.957(7) 
Pt-C42 4.100(7) Pt-C43 2.563(6) Pt-C44 2.635(7) 
C42 -01 1. 151( 7) C43-02 1.159(7) C44-03 1.167(7) 
Pl-Cl 1.856(4) Pl-C7 1.853( 3) Pl - C13 1.847 ( 3) 
P2-Cl9 1.849(3) P2-C25 1.845( 3) P2-C31 1.854(3) 
(b) Bond angles ( 0 ) 
Pl-Pt-W 108.13(4) P2-Pt-W 149 .74(4) P2-Pt-Pl 101.4(1) 
H-Pt-W 65(2) H-Pt-Pl 173(2) H-Pt-P2 86(2) 
W-C42-01 176.1(6) W-C43-02 170 .0(5) W-C44-03 170.4(6) 
Pt-C42-01 145 .5(5) Pt-C43- 02 113 .5(5) Pt-C44-03 113.3(5) 
W-C42-Pt 38 .0(1) W-C43-Pt 76.3(2) W-C44 -Pt 74.7(2) 
Pt-Pl-Cl 119.2(2) Pt-Pl-C7 113 .2(1) Pt-Pl-Cl3 111.5(1) 
Cl-Pl-C7 99 .8(2 ) Cl-Pl-Cl3 102 .3(2) C7-Pl-C13 109.7(2) 
Pt-P2-C19 120.7(1) Pt-P2-C25 110 .8(1) Pt-P2-C31 115 .1( 1) 
C19-P2-C25 102.4(2) C19-P2-C31 104 .0(2) C25-P2 -C31 101.6(2) 
Pl-Cl-C2 119.4(1) Pl-Cl-C6 120 .5(1) Pl-C7-C8 122.1(1) 
Pl-C7-Cl2 117.8(1) Pl-C13-C14 115 .8(1) Pl-Cl3-Cl8 124.0(1) 
P2-Cl9-C20 120 .1(1) P2-C19-C24 119.9(1) P2-C25-C26 120 .1( 1) 
P2-C25-C 30 119.9(1) P2-C31-C32 122 .4(1) P2-C31-C36 117 .5(1) 
Pt-W-C42 117 .1( 2) Pt-W-C43 61.3(2) Pt-W-C44 63 .6(2) 
Pt-W(Mo) 
Pt-Pl 
Pt-P2 
Pl-Pt-W 
P2-Pt-W 
Pl-Pt-P2 
Table 4.5 
H36 · · · H = 2.28(7) 
H37 · · · H = 2.51(7) 
H41 · · · H = 2. 7 4 ( 6) 
C37 · · · H = 2.71(7) 
C41 · · · H = 2.83(6) 
C37 · · · C44 = 3.34(1) 
C38 · · · C44 = 3.14(1) 
C39 · · · C42 = 3.02(1) 
C40 · · · C42 = 3.35(1) 
C41 · · · C43 = 3.35(1) 
Table 4.6 
5 (n -C5H5)W(C0) 3PtH(PPh3)2.0.5C6H5CH 3 
2.8382(4) 
2.357(2) 
2.256(2) 
108.13(4) 
149.74(4) 
101.4(1) 
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5 (n -C5H5)Mo(C0)3PtH(PPh3)2 
2 .839 ( 1) 
2.355(3) 
2. 264(3) 
108.8(1) 
149.1(1) 
101.3(1) 
Table 4.7 130 
Plane Atoms defining plane Equation * 
* 
1 W,Pl,P2,H -0.8630X-0.3552Y-0 .3593Z+7.8463 = 0 
2 Cyclopentadienyl ring C37-C41 0.4450X-0.8254Y-0.3475Z+5.2757 = O 
The equation of the planes LX+MY+NZ+D = 0 refer to orthogonal 
coordinates, where: 
X = 15.3690x + Oy - 3.7445z 
y = 
z = 
Ox+ 16.4020y + Oz 
Ox+ Oy + 16 .0315z 
(b) Distances (A) of atoms from least-squares planes 
Plane 1 w 0.0804(3) Plane 2 C37 0.003(8) 
Pl -0.038(2) C38 -0.004(9) 
P2 0.088(2) C39 0.004(10) 
H -0.13(6) C40 -0 .002(10) 
Pt -0.0530(2) C41 -0.001(9) 
w -2.0354(3) 
Table 4.8 Comparison of some bond lengths {A) and bond angles ( 0 ) between (n5-c5H5)w(C0) 3PtH{PPh3)2.0.5C6H5cH3 
and some other structures containing the [{ n5-c5H5)W(C0) 3J moiety 
5 (n -C5H5)W(C0) 3PtH(PPh3)2.0.5C6H5CH3 
5 (n -C5H5)W(C0)3AuPPh3 (n5-c5H5)W(C0) 3Cl 
5 [{ n -C5H5)W(C0) 3J2 
C43-W-C44 107 .4( 3) 106(2) 109.2(3) 106.3(2) 
C42-W-C43 82.2(3) 77.9(3) 77.7(2) 
C42-W-C44 84.3(3) 79(2) 77.9(3) 79.8(2) 
W-C42 1.935(7) 1.91(4) 2.002(12) 1.956(6) 
W-C43 1. 968( 6) 2.03(5) 1. 999 { 8) 1.975(5) 
W-C44 1.957(7) 1. 98 { 5) 1.992(8) 1.996(7) 
C42-0l 1.151(7) 1.19(5) 1.136(9) 1.163(8 ) 
C43-02 1.159(7) 1.14(6) 1.138(10) 1.1 55 (6) 
C44-03 1.167(7) 1.15(6) 1.145(10) 1.130( 8 ) 
W-C42-01 176.1(6) 177(4) 178.3(7) 178.2(6) 
W-C43-02 170.0(5) 168(4) 178.1(6) 174.4(5) 
W-C44-03 170.4(6) 172(4) 175.5(7) 173.2(6) 
W-Cp ring 2.04 2.01 2.001 2.01 
range of C-C in Cp 1. 35 (1) to 1.42(1) 1.38(8) to 1.55(8) 1.360(17) to 1.432(15) 1.38(1) to 1.44(1) 
range of C-C-C in Cp 107.4(9) to 110.4(9) 103(5) to 111(4) 105.1(9) to 111.7(10) 106.4(7) to 109.4(7) 
range of W-C(Cp) 2.332(8) to 2.366(7) 2.32(5) to 2.39(7) 2.260(10) to 2.376(9) 2.305(6) to 2.377(6) 
reference this work 160 161 162 
...... 
w 
...... 
5.1 Introduction 
CHAPTER 5 
CRYSTAL AND MOLECULAR STRUCTURE OF 
5 (n -C5H5)(CO)W(µ-CO)zRh(PPh3)z, RhW 
5 The binuclear complex (n -C5H5)(CO)W(µ-CO) 2Rh(PPh3)2 was 
prepared by the reaction of (n 5-C5H5)W(CO) 3H with the Rh(I) complex 
,------, 
Rh(o-C6H4PPh2)(PPh3)2 (Scheme 5. 1) 1 54 . The reaction is suggested to 
proceed by C-H reductive elimination from an intermediate such as 5a 
(Scheme 5. 1) . 
Scheme 5.1 
The complex is coordinatively unsaturated and reacts reversibly 
with l i gands such as CO. Crystals for X-ray structural determination 
were grown at room temperature by careful layering of diethyl ether 
(ca one volume) onto a solution of the compound in dichloromethane 
under nitrogen in the dry box . 
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This chapter describes the X-ray structure analysis of the 
5 (n -C5H5)(CO)W(µ-C0) 2Rh(PPh3)2 complex. As with the previous 
complex (Chapter 4), the Mo analogue structure, 
5 (n -C5H5)(CO)Mo(µ-C0) 2Rh(PPh3)21 56 , was reported by other workers 
during the course of the present analysis. 
5.2 Data acquisition 
Oscillation, Weissenberg and precession photographs revealed 
c2h (2/m) Laue symmetry and showed systematic absences in OkO fork 
odd and in hO i for i odd which uniquely define the monoclinic space 
5 group P2 1/c (c2h; No. 14). 
Accurate cell dimensions were obtained from least-squares 
refinement of setting angles for 12 reflections having 2e values 
between 85° and 109° measured on the Picker FACS-1 diffractometer 
(graphite monochromated CuKa1 radiation). The measured density 
133 
(l .70 g. cm- 3) was determined by flotation in ZnBr2 aqueous solution . 
This value agrees well with 1.70 g.cm- 3 calculated for four molecules 
per unit cell. Thus all atoms are in general positions and no symme-
try need be imposed on the molecule . 
The crystal used for data collection is of dimensions 0. 20 x 
0. 15 x 0. 10 mm in the directions [l l 1] , [O l l] and [l O OJ . 
Intensity measurements were carried out on the Philips PWll00/20 
diffractometer (graphite monochromated MoKa ). Intensities of three 
standard reflections (12 0 4, 0 8 0 and 6 0 16) decreased by 6.3, 7.3 
and 6. 1%. A total of 9372 reflections in the range 4° < 2e < 55° were 
measured in the form ± h + k + i . 
134 
Data were corrected for Lorentz, pol arization and crystal 
degradation effects using the program CRYSTAN. Reflections were 
sorted and equivalent reflections were averaged using the program 
SORTER. Crystal data and details of data collection and reduction are 
outlined in Table 5.1. 
5. 3 Solution and refinement of the structure 
The structure was solved by the heavy atom technique. The 
Patterson synthesis was calculated in the space group P2/m over the 
range 0.0 ~ u ~ 1.0, 0.0 ~ v ~ 0.5 and 0.0 ~ w ~ 0.5. The seven high 
maxima which correspond to W-W, Rh-Rh and Rh-W vectors are: 
p Coordinates Types of vectors 
356 .0 .2142 . 5 
2 346 .7863 . 5 . 3014 between symmetry-related W 
3 176 . 214 l .2862 . 1984 
4 216 .0 . 5 . 5 
5 119 .5600 . 5 . 1934 between symmetry-related Rh 
6 99 .4396 .0 .3065 
7 201 . 1133 . 1501 .0543 between Rh and W 
The corresponding fractional coordinates of Wand Rh atoms are .3932, 
.6429, . 4007 and .2800, .5000, .3467 respectively . 
The structure was first refined by block-diagonal least-squares 
techniques using BLKLSQ. A difference map which was phased according 
to the scattering contributions for Wand Rh only gave probable 
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1ocations for two P, two 0 and thirty-eight C atoms. These atoms 
were included in the refinement and a subsequent difference Fourier 
synthesis revealed all the remaining non-hydrogen atoms. A cycle of 
unit weight refinement of all non-hydrogen atoms with isotropic thermal 
parameters gave the R value of 0.094. 
In the next two cycles W, Rh and P atoms were refined anisotropic-
ally, C and O atoms were refined with isotropic temperature factors 
and H atoms (located by calculation, C-H, 0.95 A, BH = 1.1 x Be) were 
included but not refined. The weighting scheme used was l/a~(F
0
) . 
This gave the R factor of 0.054. 
At this stage the data were corrected for absorption using the 
program SHELX. The refinement was continued using the absorption 
corrected data and the program SHELX was used throughout using the 
full-matrix least-squares technique. A two cycle refinement with 
isotropic thermal parameters assigned to all non-hydrogen atoms gave 
the R value of 0.080. 
In the next two cycles all phenyl rings were treated as rigid 
groups (C-C = 1.380 A) with each C atom allowed an individual isotropic 
temperature factor . All other non-hydrogen atoms were refined 
anisotropically and all hydrogens were placed in geometrically 
calculated positions (C-H = 0.95 A and C-C-H = 120° ) and allowed to 
"ride" on the C atoms to which they are attached. A common temperature 
factor was refined for all hydrogen atoms . The weighting scheme was 
2 changed tow= k/a2(F0 ). The R factor dropped to 0.038. 
The refinement converged in the next six cycles. The final R 
and Rw are 0.037 and 0.042 respectively. The weighting scheme 
2 
applied in the final cycle was l. 5724/a2(F0 ) . An exti nction correction 
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was not applied since comparisons of observed and calculated structure 
factor amplitudes showed no evidence of any such effect. A final 
difference Fourier synthesis revealed peaks of 1.34, 1.09, 0.99 and 
0.85 e.A-3 near phenyl carbon atoms (C4 and C5, C27 and C28, C3 and 
C4 and C28 and C29 respectively). All other peaks were less than 
0.80 e.A- 3. The maximum ratio of shift to estimated standard deviation 
was 0.02. The structure solution and refinement are summarized in 
Table 5.2. 
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Table 5.1 
Crystal data and details of data collection and reduction 
5 for (n -C 5H5)(C0)W( µ-C0) 2Rh(PPh 3)2 
Chemical formula 
Formula weight 
Systematic absences 
Space group 
Boundary faces of crystal 
(distance from origin (mm)) 
Radiation used for measurement 
of cell dimensions 
Diffractometer used for refinement 
of cell dimensions 
Number of reflections used for 
refinement of cell dimensions 
Unit cell dimensions: 
Volume 
F(00O) 
960 .47 
h0 t t = odd 
0k0 k = odd 
P2/c 
I 0 0 (0) 
I o 2 (0) 
I 1 1 ( 0) 
0 1 I (0.068) 
0 I I (0.18) 
1 1 I (0.08) 
1 0 0 
1 0 2 
1 I I 
o I 1 
0 1 1 
CuK a1( A = 1.54051 A) 
Picker FACS-1 
(0.102) 
(0.182) 
(0 .196) 
(0.081) 
(0.05) 
(graphite monochromator) 
12 reflections (2 0 range from 
85 to 109 ° 
a= 18.0483(9), b = 10.3786(5) 
C = 20.760(1) A, s = 104.985(4) 0 
3756.44 A3 
1888 
Table 5.1 (continued) 
Measured density, Om 
Formula units per cell, Z 
Calculated density, Dc 
Radiation used for data collection 
Diffractometer used for data 
collection 
Linear absorption coeffient, µ 
Absorption correction method 
Transmission factors: max 
min 
Range of 28 in intensity measurement 
Form of data collected 
Axis parallel ¢ 
Monochromator, 28 
Dispersion factor, ~ 
Scan mode 
Scan width, 28 
Scan speed 
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1.70 g.cm-3 (by flotation in 
ZnBr2 aqueous solution) 
4 
-3 1. 70 g.cm 
MoKa (A = 0.7107 ~) 
Philips PWll00/20 
(graphite monochromator) 
-1 ( -) 36.49 cm MoKa 
numerical absorption correction 
. 721 
.532 
4 - 55 ° 
±h+k+ £ 
[010] 
12.18° 
0.692 tan8 
8-2 8 scan 
1.80 + 0.692tan 8 
-1 2° min 
T~ble 5.1 (continued) 
Total background count time 
Standard reflections (percentage 
drop in intensity) 
Frequency of measuring of 
standard reflections 
Number of reflections measured 
Number of unique reflections 
with I ~ 3 a( I ) 
Criterion of data quality 
Instrumental "uncertainty factor" 
20 sec 
12 0 4 (6.3) 
0 8 0 (7 .3) 
6 0 16 (6.1) 
every 2 hours 
9372 
5897 
RC= 0.026 
0.0016 
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Table 5.2 
Summary of structure solution and refinement 
5 for (n -C5H5)(C0)W( µ-C0) 2Rh(PPh 3)2 
Method used to solve the structure 
Least-squares refinement method 
Function minimized 
Anomalous dispersion included for 
Initial weights for refinement 
Final weights for refinement 
Patterson heavy atom 
early stages: block-diagonal 
final stages: full-matrix with 
rigid groups 
W,Rh,P,C,0 
w = 1.0 
-data before correcting for absorption w = l/ a1
2(F 0 ) 
-data after correcting for absorption w = k/ a2
2(F 0 ) 
Final scattering model -all phenyl rings= rigid groups 
(C-C = 1.380 Al with C atoms 
allowed individual isotropic 
temperature factors 
-all other non-H anisotropic 
-all H placed at calculated 
positions (C-H = 0. 95 A) and 
were allowed to "ride" on the 
attached C atoms 
-a common thermal parameter for 
a 11 H refined 
Table 5.2 (continued) 
Final R 
Final Rw 
Final weighting scheme 
Ratio of observations : variables 
Ratio of maximum parameter shift 
to error in final cycle 
Final difference map: 
- highest peak 
- smallest peak 
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0.037 
0.042 
5897:209 
0.02 
11 -3 1.34 e.A (near C4 and CS) 
11 -3 
-0.78 e.A 
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5~4 Results and discussion 
5 The molecular structure of (n -C5H5)(CO)W(µ-C0) 2Rh(PPh3)2, RhW 
along with the labelling scheme is shown in Figure 5.1. A stereoview 
of the unit cell is presented in Figure 5.2 . For clarity the hydrogen 
atoms are omitted in both figures. Thermal ellipsoids are drawn at 
30% probability level . Figure 5. 3 shows the coordination of the 
tungsten atom both in projection on the cyclopentadienyl plane and 
viewed from the side . 
Atomic coordinates and thermal parameters are listed in Table 5.3; 
important bond distances and bond angles are compiled in Table 5.4. 
Selected intramolecular non-bonded distances are given in Table 5.5 . 
Some least-squares planes and distances of atoms from these planes 
are given in Table 5. 7. 
The structure of this compound is si milar to that of 
(n5-c5H5)(CO)Mo( ~-C0) 2Rh(PPh3)2156 which was published during the 
course of the present work. Bond lengths and bond angles in both 
compounds are similar as shown in Table 5.6. 
RhW exists in the solid state as a discrete monomeric molecule 
containing typical (n5-c5H5)-W and Rh-PPh3 interactions and the two 
µ-CO groups seem to be normal bridging ligands . The Rh( µ-C0) 2w unit 
forms a butterfly configuration with an Rh-C-W interplanar dihedral 
ang l e of 162 .4(4) 0 which is comparable with 161 ° found for the 
Rh-C-Mo interplanar dihedral angle in (n5-C5H5)(CO)Mo( µ-C0) 2Rh(PPh3)21 56 . 
The long Rh-C38 distance (2.960(7) A) suggests little bridging 
characte r for the third carbonyl group. 
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A single W-Rh bond places Wand Rh atoms in 16-electron environ-
ments. The W-Rh bond length of 2.5866(4) A is similar to the Mo-Rh 
bond distance of 2.588(1) A observed in (n5-c5H5)(C0)Mo( µ-C0) 2-
Rh(PPh3)21 56 but is shorter than the sum of the covalent radius of W 
(1.57-1.61 J...) 167 and that of Rh (1.315 J...) taken as half of the Rh-Rh 
distances in Rh 2(µ-C0) 2[P(0- i -C3H7)3J4168 and Rh 2(µ-C0) 2(PPh3)4169 . 
It has been suggested that in (n5-c5H5)(C0)Mo(µ-C0) 2Rh(PPh3)2 the 
Mo-Rh bond order is greater than 1, by formation of dative Rh-+Mo bond 
(1) 156 and the present result would seem to provide further support 
for that suggestion. 
( I) 
The Rh atom is five-coordinated by an edge bridged tetrahedral 
arrangement of two carbonyl groups, two phosphorus atoms and one 
tungsten atom. The two Rh-P distances [2.246(2) and 2.317(1) J...] are 
significantly different from one another. The longer bond is between 
Rh and the triphenylphosphine ligand (P2) which is cis to the non-
bridging carbonyl ligand. Similarly the angle W-Rh-P2 (136.50(4) 0 ) 
is larger than W-Rh-Pl (120.08(5) 0 ). These differences may arise from 
steric interactions between the non-bridging carbonyl and the ais -
triphenylphosphine ligand (P2). The difference between the two Rh-P 
bond lengths is also observed in (n5-c5H5)(C0)Mo(µ-C0) 2Rh(PPh3)2
156
. 
The geometry of the triphenylphosph i ne ligand in this compound 
is consistent with that observed in (n5-c5H5)W(C0) 3PtH(PPh3)2, PtW. 
The mean values of the P-C bond distances and C-P-C and P-C-C bond 
angles are 1.845(3) A, 103.2(2) 0 and 119.9(1) 0 respectively. 
The carbonyl bridges are asymmetric with the C-W distances 
[2.013(6) and 1.992(7) A] averaging 0. 14 A shorter than the C-Rh 
distances [2.093(6) and 2.186(6) A]. The C-Rh distances are very 
similar to those observed in the (n5-C5H5)(C0)Mo( µ-C0) 2Rh(PPh3)2 
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complex [2.095(5) and 2.185(5) A.] 156 but are longer than the correspond-
ing distances found in Rh 2(µ-C0) 2[P(0-i -C3H7)3J4, [2.013( 8) and 
2.054(8) A.] 168 and in Rh 2(µ-C0) 2(PPh3)4 [2.051(6) and 1.956(7) A.] 169 . 
The carbonyl C-W distances [2.013(6), 1.992(7) and 1.943(7) A] are 
very similar to the carbonyl C-Mo distances observed in 
5 (n -C5H5)(C0)Mo( µ-C0)2Rh(PPh3)2 [2.026(5), 1.980(6) and 1.943(6) A.] 156. 
If the cyclopentadienyl ring is regarded as a tridentate ligand, 
the W atom is seven-coordinated by an edge bridged octahedral arrange-
ment of a cyclopentadienyl ring, three carbonyl groups and one 
rhodium atom. The Rh atom bridges the octahedral edge formed by C37 
and C39 atoms (see Figure 5.3(a)). 
The five carbon atoms of the cyclopentadienyl rin g are coplanar 
to within experimental error. The perpendicular distance from the W 
atom to this plane is 2.0015(2) A. This distance is similar to that 
observed in (n5-c5H5)W(C0) 3c1 {2.001 A.) 161, (n
5
-C5H5)W(C0) 3AuPPh3 
(2.01 A.)1 60 and [(n5-c5H5)w(C0) 3J2 {2.01 A.)
162 but is significantly 
shorter than 2.0354(3) A observed in PtW. The C-C distances in the 
cyclopentadienyl ring vary from 1.36(1) to 1.40(1) A (mean 1.38(1) A). 
The angles C-C-C vary from 105.6(9) to 110(1) 0 (mean 108(1) 0 ). The 
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W~c distances vary between 2.296(8) and 2.343(7) A (mean 2.320(8) A) 
and seem to indicate a slight ring tilt away from the C38 carbonyl 
ligand. This might be the result of the steric repulsion between C38 
and C43 since the C38 ... C43 distance (3.03(1) A) is considerably 
shorter than the sum of C-C van der Waals radii which is in the range 
3. 30-3 . 40 A17 0 . However, the observed tilt is in contrast to that 
observed in PtW as the ring in the latter complex tilts away from the 
hydride ligand and toward the carbonyl carbon atom. This difference 
is probably due to the fact that in PtW there is also steric repulsion 
between the cyclopentadienyl ring and the hydride ligand. The W-C 
distances observed in RhW are consistent with those observed in PtW. 
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Figure 5.1 
The molecular structure of (n5-c5H5)(CO)W( µ-C0) 2Rh(PPh 3)2. 
Figure 5.2 
A stereoscopic view of the unit cell of (n5-c5H5)(CO)W( µ-C0) 2Rh(PPh 3)2. 
,_. 
-+'> 
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(a) 
C42 C44 
C43 
03 
(b) 
Figure 5.3 
Coordination of the tungsten atom (a) projected on to 
the cyclopentadienyl plane, and (b) viewed from the side. 
Table 5.3 
Atomic coordinates and thermal parameters for ( n5-c 5H5)(C0)W( µ-C0) 2Rh(PPh3)2 
Atom x/a y/b z/c 13 11 1322 13 3 3 13 12 
w 0.39310(1) 0.64323(2) 0.40079(1) 0.00169(1) 0.00655(3) 0.00191(1) -0.00065(1) 
Rh 0.28026(2) 0.49199(4) 0.34668(2) 0.00168(1) 0.00451(4) 0.00139(1) -0.00019(2) 
Pl 0.26337(9) 0.42648(14) 0.24073(7) 0.00238(5) 0.00487(14) 0.00150(4) 0.00031(7) 
P2 0.17999(8) 0.39471(14) 0.37886(7) 0. 00179(5) 0.00554(14) 0.00156(4) -0.00027(6) 
01 0.2373(2) 0.7586(4) 0.3160(3) 0.0026(2) 0.0059(4) 0.0046(2) 0.0005(2) 
02 0. 3441( 4) 0.5714(6) 0.5281(3) 0.0074(3) 0.0150(8) 0.0023(1) -0.0029(4) 
03 0.4262(3) 0.3511(5) 0.3826(3) 0.0039(2) 0.0104(6) 0.0038(2) 0.0030(3) 
C37 0.2881(3) 0.6931(6) 0.3456(3) 0.0022(2) 0.0057(6) 0.0027(2) -0.0001(3) 
C38 0.3590(4) 0.5973(7) 0.4792(3) 0.0038(3) 0 .0081 ( 7) 0.0021(2) -0.0009(4) 
C39 0.4030(4) 0.4552(7) 0.3855(3) 0.0026(2) 0.0094(8) 0.0024(2) 0.0010(3) 
C40 0.5096(6) 0.6895(12) 0.3809(7) 0.0030(3) 0.0209(17) 0.0070(5) -0.0041(6) 
C41 0.4617(6) 0.7881(13) 0. 3543(5) 0.0051(5) 0.0217(17) 0.0040(3) -0.0063(8) 
C42 0.4412(5) 0.8527(8) 0.4043(7) 0.0039(4) 0.0078(9) 0.0070(5) -0.0020(5) 
C43 0.4774(6) 0.7941(12) 0.4648(5) 0.0057(5) 0.0186(14) 0.0035(3) -0 .0071( 7) 
C44 0.5200(5) 0.6937(11) 0 .4486 ( 7) 0.0029(3) 0.0175(15) 0.0062(5) -0.0035(6) 
13 13 
0.00028(1) 
0.00055(1) 
0.00072(4) 
0.00055(3) 
0.0001(1) 
0.0020(2) 
0.0007(2) 
0.0006(2) 
0.0005(2) 
0.0004(2) 
0.0026(4) 
0.0006(3) 
0.0004(4) 
0.0010(3) 
-0.0018(3) 
1323 
0.00026(1) 
0.00002(2) 
0.00016(6) 
0.00021(6) 
0.0006(2) 
-0.0001(3) 
-0.0001(3) 
0.0001( 3) 
-0.0006(3 ) 
-0.0002( 3) 
-0.0032(8) 
0 .0018( 7) 
0.0012(6) 
-0.0034(6) 
0.0023(7) 
...... 
+'> 
I.Cl 
Table 5.3 (continued) 
Atom x/a y/b 
Cl 0.3289(2) 0.5158(4) 
C2 0.4064(2) 0.4896(4) 
C3 0.4576(2) 0.5628(4) 
C4 0.4313(2) 0.6622(4) 
C5 0.3538(2) 0.6884(4) 
C6 0.3026(2) 0.6151(4) 
C7 0.2872(2) 0.2574(3) 
cs 0.2787(2) 0.1699(3) 
C9 0.2874(2) 0.0399(3) 
Cl0 0.3045(2) -0.0027(3) 
Cll 0.3130(2) 0.0849(3) 
Cl2 0.3043(2) 0.2149(3) 
Cl3 0.1691(2) 0.4522(4) 
Cl4 0.1255(2) 0.5547(4) 
Cl5 0.0552(2) 0.5798(4) 
Cl6 0.0284(2) 0.5023(4) 
Cl7 0.0719(2) 0.3998(4) 
Cl8 0.1423(2) 0.3747(4) 
z/c B ( A2) Atom 
0.2022(2) 3.3( 1) Cl9 
0.2228(2) 4.8(2) C20 
0.1992(2) 6.4(2) C21 
0.1551(2) 6.2(2) C22 
0.1344(2) 6.8(2) C23 
0.1580(2) 4.9(2) C24 
0.2288(2) 2.7(1) C25 
0.2765(2) 3.7(1) C26 
0.2666(2) 5.0(2) C27 
0.2092(2) 5.3(2) C28 
0.1615(2) 5.2(2) C29 
0.1713(2) 4.1(1) C30 
0.1808(2) 2.9(1) C31 
0.1923(2) 3.5(1) C32 
0.1487(2) 4.3(1) C33 
0.0936(2) 4.8(2) C34 
0.0821(2) 5.1(2) C35 
0.1257(2) 4.2(1) C36 
x/a y/b 
0.2095(2) 0.2361(3) 
0.1675(2) 0.1247(3) 
0.1953(2) 0.0087(3) 
0.2651(2) 0.0040(3) 
0.3070(2) 0.1153(3) 
0.2792(2) 0.2314(3) 
0.0840(2) 0.3685(4) 
0.0200(2) 0.4315(4) 
-0.0498(2) 0.4166(4) 
-0.0555(2) 0.3387(4) 
0.0085(2) 0.2757(4) 
0.0783(2) 0.2906(4) 
0.1564(2) 0.4844(4) 
0.1573(2) 0.6174(4) 
0.1369(2) 0.6857(4) 
0.1157(2) 0.6212(4) 
0.1148(2) 0.4882(4) 
0.1352(2) 0.4198(4) 
z/c 
0.4174(2) 
0. 3991( 2) 
0.4279(2) 
0.4749(2) 
0.4932(2) 
0.4644(2) 
0.3220(2) 
0.3307(2) 
0.2845(2) 
0.2296(2) 
0.2209(2) 
0.2671(2) 
0.4479(2) 
0.4472(2) 
0.4970(2) 
0.5476(2) 
0.5483(2) 
0.4984(2) 
B ( A2) 
2.6( 1) 
3.8( 1) 
5.0(2) 
4.7(2) 
4.6(2) 
3.6(1) 
2.8(1) 
4.0( 1) 
5.0(2) 
5.1(2) 
4.7(2) 
3.4(1 ) 
2.9 ( 1) 
4.5(2) 
5.6(2) 
5.6(2) 
6.2(2) 
4.6(1) 
,__. 
U1 
0 
Table 5.3 (continued} 
Atom x/a y/b 
H2 0.425 0.421 
H3 0.511 0.545 
H4 0.467 0.713 
H5 0.336 0.757 
H6 0.249 0.633 
H8 0.267 0.199 
H9 0.282 -0.020 
Hl0 0.311 -0.092 
Hll 0.325 0.056 
Hl2 0.310 0.275 
Hl4 0.144 0.608 
Hl5 0.025 0.650 
Hl6 -0.020 0.520 
Hl7 0.054 0.346 
Hle 0.172 0.304 
H20 0.120 0.128 
H21 0.166 -0.068 
H22 0.284 -0.076 
z/c B { A2} Atom 
0.253 8.0 H23 
0.213 8.0 H24 
0.139 8.0 H26 
0.104 8.0 H27 
0.144 8.0 H28 
0.316 8.0 H29 
0.299 8.0 H30 
0.202 8.0 H32 
0.122 8.0 H33 
0.139 8.0 H34 
0.230 8.0 H35 
0.157 8.0 H36 
0.064 8 .0 H40 
0.044 8.0 H41 
0.118 8.0 H42 
0.367 8.0 H43 
0.415 8.0 H44 
0.495 8.0 
x/a y/b 
0.355 0.112 
0.308 0.308 
0.024 0.485 
-0.094 0.460 
-0.104 0.328 
0.005 0.222 
0.122 0.247 
0.172 0.662 
0.138 o. 777 
0.102 0.668 
0.100 0.444 
0.135 0.328 
0.532 0.629 
0.445 0.809 
0.408 0.925 
0.474 0.818 
0.552 0.637 
z/c 
0.526 
0.477 
0.369 
0.291 
0.198 
0.183 
0.261 
0.412 
0.497 
0.582 
0.583 
0.499 
0.357 
0.308 
0.399 
0.508 
0.480 
B { A2} 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
I-' 
u, 
I-' 
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Table 5.4 
Important bond lengths and bond angles for 
5 (n -C5H5)(C0)W( µ-C0) 2Rh(PPh3)2 
(a) Bond lengths (Al 
Rh-W 2.5866(4) Rh-Pl 2.246(2) Rh-P2 2.317(1) 
Rh-C37 2.093(6) Rh-C38 2 .960( 7) Rh-C39 2.186(6) 
W-C37 2.013(6) W-C38 1. 943( 7) W-C39 1.992(7) 
C37-0l 1.178(7) C38-02 1.147(8) C39-03 1.166(8) 
W-C40 2.296(8) W-C41 2.311(9) W-C42 2.334(8) 
W-C43 2.343(7) W-C44 2.309(8) Pl-Cl 1.841(4) 
Pl-C7 1.838( 3) Pl-C13 1.850( 3) P2-Cl9 1.84 7 ( 3) 
P2-C25 1. 84 7 ( 3) P2-C31 1.849(4) 
(b) Bond angles ( 0 ) 
Pl-Rh-P2 103.4(1) Pl-Rh-C37 106 .5(1) Pl-Rh-C39 100.1(2) 
Pl-Rh-W 120.08(5) P2-Rh-C37 119 .9(2) P2-Rh-C39 127.6(2) 
P2-Rh-W 136.50(4) C37-Rh-C39 96.5(3) C37-Rh-W 49.6(2) 
C39-Rh-W 48 . 5(2) Rh-W-C37 52.3(2) Rh-W-C38 80 .2(2) 
Rh-W-C39 55.2(2) C37-W-C38 94 .9(3) C37-W-C39 105 .7(3) 
C38-W-C39 87.4(3) Rh-C37-W 78 .1(2) Rh-C37-01 122.4(5) 
W-C37-01 159 . 5(5) W-C38-02 175.2(7) Rh-C39-W 76.3(2) 
Rh-C39-03 119.1(5) W-C39-03 164.6(6) Cl-Pl-C7 102.9(2) 
Cl-Pl-Cl3 102.6(2) C7-Pl-C13 104.7(2) Rh-Pl-Cl 109.5(2) 
Rh-Pl-C7 116.3(1) Rh-Pl-Cl3 118 .9(1) Cl9-P2-C25 105 . 2(2) 
Cl9-P2-C31 102.2(2) C25-P2-C31 101.8(2) Rh-P2-Cl9 110 .7(1) 
Rh-P2-C25 123.6(1) Rh-P2-C 31 111.0(1) Pl-Cl-C2 118 .7(2) 
Pl-Cl-C6 121.1(2) Pl-C7-C8 117.3(1) Pl-C7-C12 122.3(1) 
Pl-Cl3-Cl4 117.5(1) Pl-Cl3-Cl8 122.5(1) P2-Cl9-C20 123.4(1) 
P2-Cl9-C24 116.5(1) P2-C25-C26 121.7(1) P2-C25-C30 118. 2 ( 1) 
P2-C31-C32 119.3(1) P2-C31-C36 120.6(1) 
Table 5.5 
Selected intramolecular non-bo nded distances (A) in 
5 (n -C5H5)(C0)W( µ-C0) 2Rh(PPh3)2 
C40 · · · C39 = 3.12(1) 
C41 · · · C37 = 3.24(1) 
C42 · · · C37 = 3 . 18 ( 1) 
C43 · · · C38 = 3.03(1) 
C44 · · · C38 = 3. 29 ( 1) 
C44 · · · C39 = 3.30(1) 
Table 5.6 
Comparison of some bond lengths (A) and bond angles ( 0 ) of 
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5 5 (n -C5H5)(CO)W( µ-C0) 2Rh(PPh 3)2 and (n -C5H5)(C0)Mo( µ-C0) 2Rh(PPh 3)2 
5 (n -C 5H5)(C0)W(p-C0) 2Rh(PPh 3)2 
5 (n -C5H5)(C0)Mo(µ-C0) 2Rh(PPh3)2 
Rh-W(Mo) 2.5866(4) 2. 588 ( 1) 
Rh-Pl 2.246(2) 2.242(1) 
Rh-P2 2.317(1) 2.321(1) 
Rh-C37 2.093(6) 2.095(5) 
Rh-C38 2.960(7) 2.92(1) 
Rh-C39 2.186(6) 2.185(5) 
Pl-Rh-P2 103.4(1) 103 .3(1) 
C37-Rh-C39 96.5(3) 96.2(2) 
W-C37 2.013(6) 2.026(5) 
W-C38 1.943(7) 1. 943 ( 6) 
W-C39 1.992(7) 1.980(6) 
C37-W-C39 105.7(3) 105.2(2) 
Rh-C37-0l 122.4(5) 122.7(4) 
W-C37-0l 159.5(5) 159.4(4) 
W-C38-02 175.2(7) 174.7(5) 
Rh-C39-03 119.1(5) 118.6(5) 
W-C39-03 164.6(6) 164.7(5) 
Plane 
1 
2 
3 
4 
5 
Table 5.7 
Atoms defining plane 
cyclopentadienyl ring C40-C44 
Rh,Pl,P2 
Rh,C37 ,C39 
Rh,C37 ,W 
Rh,C39,W 
* Equation 
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-0.7870X-0.6104Y-0.0898Z+l0.6887 
-0.5105X+0.7985Y-0.3189Z-0.2279 
0.3557X-0.0351Y-0.9339Z+5 .5352 
0.5582X-0.0483Y-0.8283Z+4.2207 
0.3866X+0.1933Y-0.9018Z+4.0461 
Dihedral angle [Rh,C37,W][Rh,C39,W] = 162.4(4) 0 
[Rh,Pl,P2][Rh,C37,C39] = 84.9(2) 0 
*The equation of the plane LX+MY+NZ+D = 0 refer to orthogonal 
coordinates, where: 
( b) 
Plane 1 
Plane 2 
X = 18.0483x + Oy - 5.36782 
y = 
z = 
Distances 
C40 
C41 
C42 
C43 
C44 
w 
Rh 
Pl 
P2 
Ox+ 10.3786y + Oz 
Ox+ Oy + 20.05402 
(A) of atoms from least squares 
0.006(12) Plane 3 Rh 
-0.004(12) C37 
0 .000(10) C39 
0.003(12) Plane 4 Rh 
-0.005(11) C37 
2.0015(2) w 
0 Plane 5 Rh 
0 C39 
0 w 
plane 
0 
0 
0 
0 
0 
0 
0 
0 
0 
= 0 
= 0 
= 0 
= 0 
= 0 
CHAPTER 6 
CRYSTAL AND MOLECULAR STRUCTURE OF 
( 5 5 l ,----, n -C5H5)W(µ-H) 2(µ-n :n -C5H4)Rh(PPh3)2, RhWH 
6.1 Introduction 
5 5 l .------, The mixed metal complex (n -C5H5)W( µ-H) 2(µ- n :n -C5H4)Rh(PP h3)2 
is obtained in high yield by heating the o-metallated Rh(I) complex 
~C6H4PPh2)(PPh3)2 and an excess of (n
5
-C5H5)2WH 2 in an aromatic 
solvent (equation 6.l)l S4 . 
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The complex, which is isolated as dark-red crystals, is air 
sensitive both in the solid state and in solution. It is moderately 
soluble in aromatic solvents and tetrahydrofuran, sparingly soluble in 
diethyl ether and reacts immediately with chlorinated solvents. 
Crystals for X-ray structural determination were grown at room tempera-
ture by vapour diffusion of n-hexane into a solution of the complex in 
toluene under a nitro gen atmosphere. 
6.2 Data acquisition 
Since the crystals decompose in air they were coated with 
araldite before mounting on quartz fibres. Oscillation, Weissenberg 
and precession photographs showed that this compound crystallized in 
the monoclinic system with P2 1/c space group. Cell dimensions were 
meas ured on the Picker FACS-1 diffractometer (CuK~1 radiation, 12 
reflections, 70° < 2e < 117° ) . Reflection intensities were also 
measured with the Picker FACS-1 diffrac tometer (CuKa radiation). 
Crystal data and experimental details are listed in Table 6.1. 
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Because of fairly rapid crystal degradation two separate crystals 
were used in collection of the complete (reciprocal lattice quadrant) 
data set. From the first crystal a total of 2659 reflections of the 
form +h-k±£ were recorded within the range 3° < 2e < 80° . Intensities 
of three standards (8 0 4, 0 To T, 2 0 14) decreased by 5.8, 7.0 and 
7.9% respectively during the measurements. The second crystal was 
used to collect data within the range 75° < 2e < 125° , this 2e range 
overlapping that of the first crystal in order to obtain a scale factor 
relating the two crystal data sets. 4464 reflections of the form 
+h+k±t were measured. The intensities of the standard reflections 
(8 0 4, 0 10 l, 2 0 14) dropped by 11. l, 9.1 and 5.9% respectively. 
The intensity data from each crystal were corrected for Lorentz, 
polarization and crystal degradation effects. Of 2659 reflections 
measured with crystal l, 2170 unique reflections with I ~ 3a(I) 
(Rs= 0.010) were retained for subsequent use in the solution and 
refinement of the structure. 
During the refinement the reflection data of both crystals were 
corrected for specimen absorption effects using the program TOMPAB. 
The two data sets were then combined by scaling the first crystal data 
set to the same level as that of the second crystal using the scale 
factor 1.356. This scale factor was obtained by averaging the ratio 
IF0 1crystal 2 to IF0 1crystal 1 for the 78 reflections common to both 
data sets. Equivalent reflections were averaged and the data were 
sorted using the program SORTER. A total of 5489 independent 
reflections with I ~ 3o(I) were retained for use in the refinement. 
The value of Rs for this sorted data set was 0.014. 
The density calculated on the basis of four molecules per unit 
-3 
cell, Dc = l.69 g.cm , is in good agreement with the density of 
l.68 g.cm- 3 obtained by flotation in a mixture of ZnBr2 and Znc1 2 
aqueous solution. 
6.3 Solution and refinement of the structure 
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The structure was solved by the heavy atom method using data from 
crystal l (3 ° < 2e < 80° ) only. The Patterson function calculated 
over the range 0.0 ~ u ~ 1.0, 0.0 ~ v ~ 0.5 and 0. 0 ~ w ~ 0.5 gave seven 
high maxima which correspond to W-W, Rh-Rh and W- Rh vectors at: 
p Coordinates Types of vectors 
463 .0 .0 . 5 ) 
) 
2 317 .5835 . 5 . 1470 ) between symmetry-related W 
) 
3 229 .4138 . 5 .3512 ) 
4 241 .5001 . 5 .0 ) 
) 
5 174 .0 . 3036 .5 ) between symmetry-related Rh 
) 
6 116 . 4991 . 1823 .5002 ) 
7 215 .5299 .3325 . 0727 between Wand Rh 
Therefore, the positions of Wand Rh atoms are -.2918, .2500, . 1765 and 
-.2500, .0982, .2500 respectively. A difference Fourier synthesis, 
with F contributions from the Wand Rh atoms only, allowed the location 
C 
of all non-hydrogen atoms except for one carbon atom (C24) in a phenyl 
ring. These atoms were included in the refinement with isotropic 
thermal parameters and the remaining carbon atom was found in a 
subsequent difference Fourier synthesis. One cycle of unit weight 
least-squares refinement of all non-hydrogen atoms with isotro pic 
temperature factors gave an R value of 0.055 . 
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At this stage the combined set of absorption corrected data were 
used for further refinement and it was decided to refine each phenyl 
group as a rigid group to reduce the number of variables. Since 
rigid group refinement is unavailable in the program SFLS, the SHELX 
program was substituted . 
Two cycles of unit weight full-matrix least-squares refinement 
with rigid phenyl groups, isotropic thermal parameters and with no 
hydrogen atoms included converged with R = 0.070. 
The conversion to anisotropic temperature factors for W, Rh, 
two P atoms and all C atoms of the cyclopentadienyl groups would 
change the number of variables from 120 to 199. The max imum variables 
allowed in the local SHELX implementation was limited at that time to 
195. The structure was therefore refined by the blocked full-matrix 
least-squares method . Three groups of atoms were defined. One group 
contained W, Rh and two P atoms, the second group contained the 
cyclopentadienyl C and H atoms and the third group contained phenyl 
C and H atoms. All hydrogen atoms were located by calculation (C-H = 
0.95 A) and were allowed to "ride" on the attached C atoms . A group 
temperature factor was specified for each cyclopentadienyl hydrogen 
atom set and a common group temperature factor was refined for all six 
phenyl hydrogen atom sets. 
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In the refinement, the overall scale factor together with atomic 
parameters in the first group were refined in every cycle . Atomic 
parameters in the second and third groups were refined in alternate 
cycles i.e. when the parameters in the second group were refined, the 
parameters in the third group were fixed and vice versa. 
For the next eight cycles, all phenyl groups were treated as 
rigid groups which each carbon atom assigned an individual isotropic 
thermal parameter. All other non-hydrogen atoms were refined with 
anisotropic temperature factors and all hydrogen atoms were included 
and constrained to "ride" on the relevant carbon atoms. The weighting 
2 2 function applied was w = l.0/( o1(F0 ) + .001F0 ). This gave an R factor 
of 0.042. 
Since calculated structure factor amplitudes of some strong, low 
angle reflections were considerably larger than the observed structure 
factor amplitudes, an extinction correction of the form Fe x (1 -0. 0001 
xx x F2/sins) was applied in subsequent refinement cycles . The 
C 
variable parameter x converged in two further cycles to 0.00120(9) and 
the value of R decreased to 0.039. 
A subsequent difference Fourier synthesis calculated using only 
low angle reflections (sins< 0.43) contained maxima (0 .38 and 
0. 30 e.A- 3) at likely sites for the two hydride ligands . 
At this stage it was decided to release the rigid group con-
straints. Thus block-diagonal least-squares refinement was carried out 
using the program BLKLSQ and with data not corrected for ext inction. 
All non-hydrogen atoms were refined anisotropically. The two hydrides 
located in the previous difference map were refined with isotropic 
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thermal parameters whereas all other hydrogens were included as fixed 
contributors at calculated positions (C-H = 0.95 A, BH =Be x 1 .1 A.2). 
The weighting scheme used was w = l/a~(F
0
). Two cycles of the 
refinement gave the R value of 0.035. Three further cycles with data 
corrected for extinction by the Zachariasen expression F = 
corr 
Fe/{ 1.0 + (ext 1 x ext 2 x BO)} resulted in an R value of 0.032. 
Position and isotropic thermal parameters of hydrogen atoms 
excluding the hydrides were recalculated and included in the next two 
cycles. This also gave the R factor= 0.032. 
For the final refinement cycles, full-matrix least-squares 
analysis was resumed using the program SFLS . Position and isotropic 
tempe rature factors of hydrogen atoms excluding the hydrides were again 
recalculated. The refinement was completed in the next two cycles 
giving R = 0.032, Rw = 0.049 and S = 1. 854. The ratio of maximum 
parameter shift-to-error in the final cycle is 0.1 4. A final difference 
Fourier synthesis revealed no residual electron density greater than 
R-3 R-3 h. h · about 0.9 R from the 0.65 e.J-\. except a peak of 1.75 e.J-\. w 1c 1s A 
W atom. Structure solution and refineme nt are summarized in Table 6.2. 
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Table 6.1 
Crystal data and details of data collection and reduction 
5 5 1 ,---, for (n -C5H5)W( µ-H)2( µ- n : n -C5H4)Rh(PPh3)2 
Chemical formula 
Formula weight 
Systematic absences 
Space group 
Boundary faces of crystal 
(distance from origin (mm)) 
Radiation used for measurement 
of cell dimensions 
Number of reflections used for 
refinement of cell dimensions 
Unit cell dimensions: 
Volume 
F(O00) 
c46H41P2RhW 
942.54 
h0 t .Q, = odd 
0k0 k = odd 
P2/c 
crystal 1 crystal 2 
0 1 0 (0.110) (0 .092) 
o I o (0.102) (0.145) 
0 0 1 (0.123) (0.233) 
o o I (0) ( 0) 
1 1 I (0.178) (0) 
I I 1 ( 0) (0.200) 
1 I I (0.156) ( 0) 
I 1 1 (0) (0 .147) 
V cry st. .33xl0-
5 
.69xl0-5 cm3 
CuK a.1 ( >. = 1.54051 A) 
12 reflections (2 8 range from 
70 to 117° 
a= 11.3876(9), b = 14.350(2) 
C = 25.556(2) A, B = 117.47(1) 0 
3705.31 A3 
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Table 6.1 (continued) 
Measured density, Om 
Formula units per cell, Z 
Calculated density, Dc 
Radiation used for data collection 
Diffractometer used for data 
collection 
Linear absorption coeffient, µ 
Absorption correction method 
Transmission factors: 
max 
min 
Range of 2 in intensity measurement 
Form of data collected 
Axis parallel cp 
Monochromator, 2 8 
Dispersion factor, t,, 
Scan mode 
Scan width, 28 
162 
1.68 g.cm-3 (by flotation in a 
mixture of ZnBr2 and ZnC1 2 
aqueous solution) 
4 
-3 1.69 g.cm 
CuK& (A = 1.5418 A) 
Picker FACS-1 
(graphite monochromator) 
-1 -105.44 cm (CuK a) 
de Meulenaer and Tompa 
crystal 1 
.336 
.238 
crystal 1 
3 - 80° 
crystal 1 
+h-k H 
[010] 
26 . 70° 
o. 285tan 8 
8-2 8 scan 
crystal 2 
.327 
.197 
crystal 2 
75 - 125 ° 
crystal 2 
+h+k H 
1.60 + 0.285tan e 
Table 6. 1 (continued) 
Scan speed 
Total background count time 
Standard reflections (percentage 
drop in intensity) 
Frequency of measuring of 
standard reflections 
Number of reflections measured 
Number of unique reflections 
with I >,, 3o(I) 
Criterion of data quality 
I nstrumenta 1 "uncertainty factor" 
20 • -1 min 
20 sec 
crystal 1 
804 (5.8) 
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crystal 2 
8 0 4 ( 11. 1) 
o Io I (7.0) o 10 1 (9 . 1) 
2 0 14 (7.9) 2 0 14 (5 .9) 
every 97 reflections 
crystal 1 
2659 
crystal 2 
4464 
5489 (crystal 1 + crystal 2) 
Rs= 0.014 
0 .002 
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Table 6.2 
Summary of structure solution and refinement 
5 5 1 ,------, for (n -C5H5)W( µ-H)2( µ-n ,n -C5H4)Rh(PPh3)2 
Method used to solve the structure 
Least-squares refinement method 
Function minimized 
Anomalous dispersion included for 
Initial weights for refinement 
Final weights for refinement 
Final scattering model 
Secondary extinction parameter, BO 
Final R 
Final Rw 
Final S 
Patterson heavy atom 
early stages : full-matrix 
Middle stages: block-diagonal 
final stages : ful 1-matri x 
Rh,W,P,C 
w = 1.0 
-all non-H anisotropic 
-two hydrides isotropic 
-other H included at calculated 
position (C-H = 0.95 A), not 
refined 
-isotropic extinction correction 
0.00027(2) 
0.032 
0.049 
1.854 
Table 6.2 (continued) 
Ratio of observations : variables 
Ratio of maximum parameter shift 
to error in final cycle 
Final difference map: 
- highest peak 
- smallest peak 
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5443:460 
0.14 
11 - 3 1.75 e. A (near W) 
11 -3 
-0.97 e.A 
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o.4 Results and discussion 
The crystal consists of discrete molecular units of the title 
compound separated by normal van der Waals contacts. The closest 
intermolecular contacts in the crystal are 2.4 A between H23 and H32 
and 2.772(6) A between C28 and H9; the van der Waals radii of C and H 
are l.65-1.70 and 1 .20-1.45 A respectively 17 0 . A stereoview of the con-
tents of the unit cell in which the vibrational ellipsoids are drawn 
at the 30% level is shown in Figure 6.2. The hydrogen atoms are 
omitted for clarity. The molecular structure together with the 
labelling scheme is illustrated in Figure 6.1 (30% ellipsoids; H-atoms 
as 0. 11 A radius hard spheres). All hydrogens except the hydrides are 
labelled according to the attached carbon atom. The final atomic 
parameters are given in Table 6.3, and bond lengths and bond angles 
in Table 6.4. Details of important molecular planes are given in 
Table 6.5. 
5 5 1 .----, The molecule (n -C5H5)W(µ-H) 2(µ- n :n -C5H4)Rh(PPh3)2, RhWH is 
composed of a bis(triphenylphosphine)rhodium unit linked to a 
bis(cyclopentadienyl)tungsten unit through a Rh-Co-bond to a carbon 
atom of a cyclopentadienyl ring and through two bridging hydrides. 
The interaction between the Rh and W atoms in this compound is 
relatively weak. The Rh-W distance (2.9942(4) A) is significantly 
longer than the sum of the metallic radii of Rh and W (2.716 A) 7 6 f, 7 Gg 
and is also longer than the analogous distance of 2.7206(7) A found in 
[(PPh3)2Rh( µ- H) 2W( n
5
-C5H5)2J[PF6] 1D3 (Figure 6.3). If all phenyl 
rings are neglected the molecule possesses a noncrystallographic 
mirror plane through Rh, W, the bridging carbon atom (C37) of the 
C5H4 ring and C42 of the c5H5 ring. 
Figure 6.3 Molecular structure of 
[(PPh3)2Rh( µ-H)2W( n5-C5H5)2J+. 
Structural features around the Rh atom 
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The Rh atom is five-coordinate, bonded to two triphenylphosphine 
ligands, to two hydrides and to one carbon of a cyclopentadienyl ring. 
The configuration about the Rh atom is highly distorted trigonal 
bi pyramidal in which Pl, H47 and H48 form a trigonal plane while P2 
and C37 are in axial positions. The Rh atom is displaced by about 
0.3 A from the trigonal plane towards the P2 atom. However, since 
the trigonal plane contains two hydride atoms whose positions are not 
well-defined the measured displacement is of very low precision. The 
Rh-P2 distance (2.278(1) A)is longer than the Rh-Pl distance 
(2.209(1) A). The difference has two poss ible origins: (1) the 
inequivalence of the equatorial and axial bond strengths in trigonal 
bipyramidal complexes and (2) the bond lengthening effect of the 
trans a-carbon-Rh bond. 
The Rh-hydride bond lengths in RhWH (2.43(9) and 2.16(10) A) are 
5 + longer than those found in the cation [(PPh3)2Rh(µ-H) 2W(n -C5H5)2J 
(l.60(9) and 2. 1(1) A) 103 but are not statistically different from 
those usually observed in bridged Rh-H-M moieties [l.7(1)- 2.l(l) A] 112 • 
The H-Rh-H angle of 58(4) 0 in RhWH is significantly smaller than the 
analogous angle of 89(3) 0 observed in the cation. An unusually 
acute H-M-H angle is also observed in the Th complex, 
H2(µ-H)2Th2(C5(CH3)5)4 (H-Th-H = 58(1) 0 ) 171 where the bridging Th-H 
distance is also rather long (2.29(3) A). 
The Rh-bridging carbon atom distance is 2.037(5) A. This bond 
is presumably a normal a-bond between Rh and an sp2 carbon. 
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The geometry of the triphenylphosphine ligands in RhWH is similar 
to that observed in (n5-C5H5)W(C0) 3PtH(PPh3)2; PtW, and 
5 (n -C5H~(CO)W(µ-C0) 2Rh(PPh3)2; RhW. The average values of P-C and 
C-C distances and C-P-C, C-C-C and C-C-P angles are 1.843(5) A and 
1.385(8) A and 101.5(2) u, 120.0(5) 0 and 120.9(4) 0 respectively. 
Structural features around the W atom 
The W atom is bonded to two cyclopentadienyl rings and to t wo 
hydrides. The geometry around the W atom is similar to that of the 
Mo atom in (n5-c5H5)2MoH 2172 and in (n
5
-c5H5)(CO)Mo( µ- n
5
:n
1
-c5H4)Mn-
(C0)417 3. The two hydrides and the normals to the cyclopentadienyl 
rings from the W atom form a tetrahedral configuration about the W 
atom. The dihedral angle between the planes defined by [W,CA,C B] 
(where CA and CB are, respectively, the centroids of the C5H4 and 
C5H5 rings) and [W,H47,H48] is 99(4) 0 • The expected angle for an 
ideal tetrahedral geometry is 90° . The W-H distances (1.57(8) and 
1.81(11) A) are significantly shorter than the Rh-H distances 
[2.43(9) and 2.16(10) A] thus showing that the hydride bridges are 
asymmetric. The W-H distances can be compared with the analogous 
distances of 2.00(9) and 1.86(9) A found in 
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·[(PPh3)2Rh(µ-H) 2W( n
5
-C5H5)2][PF6J 1 03 and can also be compared with 
Mo-H distance of 1.685(3) A found in (n5-c5H5)2MoH2172 t . The angle 
H-W-H in RhWH (83(5) 0 ) is comparable with the corresponding angle in 
[(PPh3)2Rh( µ-H)2W( n5-C5H5)2J[PF5J (84(3) 0 ) 103 and with the H-Mo-H 
angle in (n5-C5H5)2MoH 2 (75.5(3) 0 ) 172 . 
Structural parameters of the cyclopentadienyl r ings 
The C-C bond lengths in the n5-C5H5 ring [l.37(1)-1.41(1) A] 
are typical for this ligand in a number of compounds. The average 
value of 1.39(1) A is similar to the value of 1.38( 1) A observed in 
PtW and in RhW and is also similar to those reported for 
(n5-C5H5)2MoH2 (1.421(5) A.) 17 2 , for [(C5H5)(C5H4)NbHJ 2 (1.403(5) A.)174, 
for H3Nb(C5H5)2 (1.394(6) A.) 17 5 and for H3Ta(C5H5)2 (1 .421(3) A. ) 175 . 
The C-C-C bond angles in the n5-c5H5 ring of RhWH [107.1(8)-109 .0(7) 0 ; 
av . 108.0(7) 0 ] are also in good agreement with values reported for the 
above mentioned complexes. The five carbon atoms in the n5-C5H5 ring 
in RhWH are coplanar, with the maximum deviation from the best plane 
being only 0.009(7) A. 
The c5H4 ligand is slightly aplanar with the bridging carbon 
atom (C37) displaced by 0.050(5) A from the plane of the C38 , C39, 
C40, C41 set . The direction of the displacement is towards the meta l 
atoms. The resultant dihedral angle between [C38, C37, C41] and 
[C38, C39, C40, C41] planes is 3.3( 8) 0 • Similar deformations of the 
t 
The structure of (n5-c5H5)2MoH 2 has been solved by using both X-ray
17 9 
and neutron 17 2 diffraction techniques. The structural parameters 
referred to in this thesis were obtained from the neutron data. 
tfridging C5H4 ligands are also observed in 
(n5-c5H5)(CO)Mo(µ-n
5:n1-c5H4)Mn(CO) 4 (dihedral angle= 3.6°) 17 3 and 
in [(C5H5)(C5H4)NbH] 2 (dihedral angle= 3.7°)174. 
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The C-C bond distances in the c5H4 ring vary from l.4O5(1O) to 
l.441(8) A with an average value of l.42O(9) A. The average C-C 
distance is not statistically different from that in the c5H5 ring and 
is similar to the corresponding values observed in 
5 5 l (n -C5H5)(CO)Mo( µ- n :n -C5H4)Mn(CO) 4 (l . 424 A) 173 , [(C5H5)(C5H4)NbH] 2 
(l.418 A) 174 and (n5-c5H5)(C4H8O)Ti(µ- n
5
:n
1
-c5H4)Ti( n
5
-C5H5) (1.42 A) 176 . 
In these complexes and in RhWH the two C-C bonds which are made to the 
bridging C-atom are longer than the other three C-C bonds. In RhWH 
the angle C4l-C37-C38 whose vertex is at C37, the carbon a-bonded to 
the Rh atom, is 106.0(5) 0 • This angle is smaller than the average 
value of the other four internal angles of the C5H4 ring which is 
108.4(5) 0 • 
The dihedral angle between the planes defined by [C37,CA,W] and 
[C42,CB,W] is small (4.6(2) 0 ), showing that the cyclopentadienyl rings 
are oriented in an eclipsed configuration. The normals to the two 
rings are inclined at an angle of 149.6(6) 0 • This angle is greater 
than the typical value observed in simple Cp2Mx2 system which is in 
the range 130 to 133°17 7,178 but it is comparable to those observed 
5 5 l in other bridged complexes e.g. 145.7° in (n -C5H5)(CO)Mo( µ-n :n -C5H4)Mn -
(CO)41 73 , 140.4° in [(C5H5)(C5H4)NbHJ 2174 and 142° in 
l 5 5 [(PPh3)(dppe)Hir( µ-H)(µ -n :n -C5H4)WH( n -C5H5)J[PF6], (dppe = 
l ,2-bis(diphenylphosphino)ethane) 103 . However, it is noteworthy that 
a large dihedral angle (145.8° ) is also observed in (n5-C5H5)2MoH 2172, 
though no bridging is present. 
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The W-C(C5H5) distances vary from 2.239(6) to 2.315(6) A (average 
2.276(7) A) whereas the W-C(C 5H4) distances vary from 2.236(5) to 
2.290(6) A (average 2. 262(6) A). These distances are similar to the 
corresponding distances observed in [(PPh3)(dppe)Hir( µ-H)( µ-n
1: 
5 5 
n -C5H4)WH( n -C5H5)J[PF6] (average 2.30(1) and 2.28(1) A for c5H5 and 
c5H4 rings respectively) 103 , trans -{(n
5
-C5H5)HW[µ-n
1 
:n
5
-C5H4]2WH-
(n5-c5H5) } (average 2.30(1) and 2. 29(1) A) 1B3 , 
cis - {(n5-c5H5)[CH2Si(CH3)3JW[µ- nl :n
5
-C5H4J2WH( n
5
-C5H5)} (average 
2.31(2) and 2.30(2) A) 1 83 and t rans -{(n5-c5H5)[CH2Si(CH3)3JW[ µ-n
1
: 
5 5 
n -C5H4J2WH( n -C5H5) } (average 2.31(1) and 2.29(1) A) 183 . The average 
W-C distances to the rings in these complexes are comparable with the 
5 5 
average Mo-C distances to the rings in (n -C5H5)MoH( µ-PPh2)( µ-n : 
l .-----, 
n -C5H4)Rh(PPh3)2, RhMo (2.28(1) A for both c5H5 and c5H4 rings (see 
Chapter 7)) and also comparable to the average Mo-C distance to the 
rings observed in (n5-c5H5)2MoH 2 (2.289(2) A) 172 . This result is as 
expected since the size of the elements in the second and third 
transition series are almost identical as a consequence of the 
lanthanide contraction, the poor shielding of the 4f electrons resulting 
in the third transition series being smaller than expected. 
The perpendicular distance between Wand the plane of the c5H4 
ring (l .9130(2) A) is slightly shorter than that to c5H5 ring 
(l.9422(2) A). The relative shortening of ca 0.03 A for the perpendicu-
lar distance to the bridging cyclopentadienyl moiety is also observed 
in RhMo (Mo-(C5H4) ring = l. 916(1) A and Mo-(C 5H5) ring = l . 942(1) A). 
This could be a result of the constraint imposed on the bridging c5H4 
group by a-bonding to the Rh atom. A similar effect is also observed 
in (n 5-C5H5)(C0)Mo(µ- n
5
:n
1
-c5H4)Mn(C0) 4173 , 
[(PPh3)(dppe)Hir(µ-H)(µ-nl :n
5
-C5H4)WH( n
5
-c5H5)J[PF6J103 , 
5 l 5 5 trans - { (n -C5H5)HW[µ-n :n -C5H4]2WH( n -C5H5)}183 , 
cis-{ (n5-C5H5)[CH2Si(CH3)3]W[µ- nl :n
5
-C5H4]2WH( n
5
-c5H5) }183 and 
( 5 . l 5 5 trans - { n -C5H5)[CH2S1 ( CH 3) 3]\~[µ-n : n -C5H4]2WH( n -C5H5) }1 83 . 
The metal-ring perpendicular distances in RhWH and RhMo are 
shorter than the corresponding values of 2.0354(3) and 2.0015(2) A 
observed in PtW and RhW respectively and are also shorter than the 
corresponding values reported for simple Cp2Mx2 system 
(l .96-1.99 A) 177 • 178 {except for (n5-c5H5)2MoH2 (l.94 A)} 17 2 . 
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The shorter metal-ring perpendicular distances in RhWH and RhMo 
compared with those observed in PtW and RhW may be attributed to 
stronge r metal-ring bonding in the former than in the latter comp lexes . 
Presumably the strong electron-withdrawing effect of the W(C0) 3 mo iety 
in PtW and RhW reduces the n-backbonding from the filled d orbitals 
of the meta l atom to the empty antibonding orbitals of the 
n-cyclopentadienyl ring. A similar effect is also observed in the 
6 6 
arene chromium complexes (n -C6H6)2cr and (n -C6H6)Cr(C0) 3, the 
perpendicular distance of the chromium atom to the benzene ring plane 
in dibenzenechromium (l.60 A (av.)) 181 being shorter than the 
corresponding distance observed in benzenechromium tricarbonyl 
( 1. 72 ( 4) A) 18 o. 
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Figure 6.1 
Figure 6.2 
A stereoscopic view of the unit cell of (n5-c5H5)W( µ-H) 2(µ-n
5
:n
1
-Wh(PPh3)2. 
...... 
-....J 
+:> 
Table 6.3 
Atomic coordinates and thermal parameters for (n5-c5H5)W( µ-H) 2(µ-n
5
:n
1
-c5H4)Rh(PPh 3)2 
Atom x/a y/b z/c 8 11 822 833 8 12 813 823 
w -0.29245(2) 0.26245(2) 0.17600(1) 0.00844(3) 0.00328(1) 0.00131(1) 0.00055(1) 0.00126(1) 0.00019(1) 
Rh -0.24057(3) 0.09047(2) 0.24976(1) 0.00661(4) 0.00306(2) 0.00103(1) -0.00006(2) 0.00111(1) 0.00004(1) 
Pl -0.15274(12) 0.04823(8) 0.34335(5) 0.00686(12) 0.00331(6) 0.00106(2) 0.00000(7) 0.00124(4) -0.00002(3) 
P2 -0.28949(11) -0.04081(8) 0.19345(5) 0.00618(11) 0.00318(6) 0 .00116 ( 2) 0.00007(6) 0.00121(4) 0.00003(3) 
Cl 0.0221(5) 0.0814(3) 0.3836(2) 0.0074(5) 0.0028(2) 0.0013(1) -0.0002(3) 0.0014(2) 0.0001(1) 
C2 0.0957(5) 0.0885(4) 0.3532(2) 0.0088(6) 0.0044(3) 0 .0013( 1) -0.0003(3) 0.0014(2) 0.0001(1) 
C3 0.2301(6) 0.1092(5) 0.3825(3) 0.0081(6) 0.0061(4) 0.0025(1) 0.0000(4) 0.0026(3) 0.0004(2) 
C4 0.2916(6) 0.1232(4) 0.4425(3) 0.0079(6) 0.0050(3) 0.0020(1) -0.0006(3) 0.0011(2) 0.0003(2) 
C5 0.2198(6) 0.1181(4) 0.4737(2) 0.0090(6) 0.0054(3) 0.0014(1) -0.0012(4) 0.0005(2) 0.0002(1) 
C6 0.0872(6) 0.0954(4) 0.4450(2) 0.0093(6) 0.0046(3) 0.0015(1) -0.0009(3) 0.0015(2) 0.0000(1) 
C7 -0.2225(5) 0.1073(4) 0.3874(2) 0 .0071( 5) 0.0042(3) 0.0012(1) 0.0014(3) 0.0011(2) 0.0003(1) 
CB -0.2097(6) 0.2025(4) 0.3944(2) 0.0125(7) 0.0054(3) 0.0013(1) 0.0003(4) 0.0018(2) -0.0002 (1) 
C9 -0.2661(8) 0.2503(5) 0.4242(3) 0.0161(10) 0.0061(4) 0.0020(1) 0.0038(5) 0.0026(3) 0.0000(2) 
ClO -0.3377(7) 0.2039(6) 0.4476(3) 0.0141(8) 0.0084(5) 0.0020(1) 0.0039(5) 0.0027(3) -0.0004(2) 
Cll -0.3472(9) 0.1095(6) 0.4420(4) 0.0188( 11) 0.0076(5) 0.0035(2) 0.0017(6) 0.0062(4) 0.0002(2) 
C12 -0. 2903( 7) 0.0612(4) 0.4125(3) 0.0146(8) 0.0053(3) 0.0024 ( 1) 0.0013(4) 0.0041(3) 0.0004(2) 
Cl3 -0.1500(5) -0.0730(3) 0.3675(2) 0.0074(5) 0.0035(2) 0.0013(1) 0 .0001( 3) 0.0018(2) 0.0001(1) 
C14 -0.2676(5) -0.1231(4) 0.3431(2) 0.0092(6) 0.0044(3) 0 .0016 ( 1) -0.0005(3) 0.0022(2) -0.0002(1) 
C15 -0.2758(6) -0.2110(4) 0.3636(3) 0.0112(7) 0.0045(3) 0.0021(1) -0.0022(4) 0.0028(2) -0.0004(2) 
C16 -0.1621(7) -0.2514(4) 0.4080(3) 0.0139(8) 0.0042(3) 0.0019(1) -0.0011(4) 0.0025(3) 0.0003(2) 
C17 -0 .0438( 7) -0.2031(4) 0.4318(3) 0.0133(7) 0.0044(3) 0.0019(1) 0.0013(4) 0.0020(3) 0.0008(2) 
Cl8 -0.0388(5) -0.1153(4) 0.4112(2) 0.0076(5) 0.0037(3) 0.0017(1) -0.0003(3) 0.0013(2) 0.0000(1) 
C19 -0.2843(5) -0.1626(3) 0.2169(2) 0.0071(5) 0.0033(2) 0.0012(1) 0.0001(3) 0.0015(2) 0 .0000 ( 1) ...... ..._., 
u, 
C20 -0.3958(5) -0.2185(4) 0.1983(2) 0.0085(5) 0.0037(3) 0.0014(1) 0.0000(3) 0.0015(2) -0.0001(1) 
Tab1e 6.3 (continued) 
Atom x/a y/b z/c 8 11 822 8 33 812 813 82 3 
C21 -0.3853(6) -0.3105(4) 0.2166(2) 0.0116(7) 0.0042(3) 0.0019(1) -0.0017(4) 0.0026(2) -0. 0007 (1) 
C22 -0.2622(6) -0.3482(4) 0.2539(2) 0.0137(8) 0.0033(3) 0.0017(1) 0.0008(4) 0.0026(3) 0.0005(1) 
C23 -0.1512(6) -0.2923(4) 0. 2728( 2) 0.0094(6) 0.0044(3) 0.0019(1) 0.0018(4) 0.0021(2) 0.0005(2) 
C24 -0.1612(5) -0.2006(4) 0.2546(2) 0.0072(5) 0.0047(3) 0.0017(1) 0.0009(3) 0 .0018( 2) 0.0005(1) 
C25 -0.4633(5) -0.0282(3) 0.1379(2) 0.0077(5) 0.0029(2) 0.0013( 1) -0 .0001( 3) 0.0014(2) 0 .0001( 1) 
C26 -0.5096(5) -0.0359(4) 0.0773(2) 0 .0077 ( 5) 0.0046(3) 0 .0015 ( 1) 0.0000(3) 0.0014(2) 0.0001 ( 1) 
C27 -0.6428(6) -0.0174(4) 0.0387(2) 0.0089(6) 0.0057(3) 0.0013(1) -0.0002(4) 0.0004(2) 0.0002(1) 
C28 -0.7281(5) 0.0069(4) 0.0598(3) 0.0072(5) 0.0054(3) 0.0022(1) 0.0015(4) 0.0009(2) 0.0003(2) 
C29 -0.6846(6) 0.0134(5) 0.1193(3) 0.0081(6) 0.0071(4) 0.0022(1) 0.0021(4) 0.0019(2) -0.0003(2) 
C30 -0.5521(5) -0.0018(4) 0.1579(2) 0.0081(5) 0.0065(4) 0 .0013( 1) 0.0011(4) 0.0012(2) -0.0001(1) 
C31 -0.1985(4) -0.0546(3) 0.1499(2) 0.0061(4) 0.0035(2) 0.0013(1) 0.0003(3) 0.0013(2) -0.0001(1) 
C32 -0.1123(5) 0.0159(4) 0.1519(2) 0.0077(5) 0.0044(3) 0.0018(1) -0.0003(3) 0.0020(2) -0.0004(1 ) 
C33 -0.0383(6) 0.0064(4) 0.1218(3) 0.0091(6) 0.0061(4) 0.0025(1) -0.0010(4) 0.0031( 3) -0.0002(2) 
C34 -0.0459(6) -0.0735(5) 0.0912(3) 0.0092(6) 0.0065(4) 0.0020(1) 0.0010(4) 0.0028(2) 0.0001(2) 
C35 -0.1306(6) -0.1439(4) 0.0885(3) 0 .0119( 7) 0.0047(3) 0.0020(1) 0.0008(4) 0.0028(3) -0.0003(2) 
C36 -0.2067(6) -0.1343(4) 0.1176(2) 0.0105(6) 0.0036(3) 0.0019(1) -0.0002(3) 0.0026(2) -0.0001(1) 
C37 -0.2278(5) 0.2283(4) 0.2707(2) 0.0081(5) 0.0044(3) 0.0012(1) -0.0006(3) 0.0013(2) -0.0004(1) 
C38 -0.1284(6) 0.2882(4) 0.2698(3) 0.0098(6) 0.0049(3) 0 .0020( 1) -0.0009(4) 0.0011 (2) -0.0003(2) 
C39 -0.1858(7) 0.3746(4) 0.2456(3) 0.0134(8) 0.0035(3) 0 .0019( 1) -0.0023(4) 0.0020(3) -0.0007(1) 
C40 -0.3198(7) 0.3712(4) 0.2328(3) 0.0146(8) 0.0039(3) 0.0024(1) 0 .0011 ( 4) 0.0030(3) -0.0001(2) 
C41 -0.3467(6) 0.2834(4) 0.2492(3) 0.0112(7) 0.0050(3) 0.0023(1) 0.0009(4) 0.0032(3) 0.0000(2) 
C42 -0.3683(8) 0.2000(5) 0.0825(2) 0 .0204 ( 11) 0.0064(4) 0.0012(1) -0.0021(6) 0.0028(3) -0.0003(2) 
C43 -0.4679(8) 0.2510(6) 0.0848(3) 0.0104(8) 0.0087(5) 0.0021(2) 0.0009(5) -0.0001(3) 0.0006(2) 
C44 -0.4245(10) 0.3444(6) 0.0956(3) 0.0212(13) 0.0069(5) 0.0019(2) 0 .0052( 7) 0.0005(4) 0.0011(2) ...... 
-....J 
C45 -0.2961(9) 0.3486(5) 0.1015(3) 0.0212(13) 0.0053(4) 0.0026(2) -0.0023(6) 0.0038(4) 0.0005(2) en 
C46 -0.2623(10) 0.2593(6) 0.0928(4) 0.0190(12) 0.0095(6) 0.0030(2) -0.0017(7) 0.0055(4) -0.0002(3) 
Table 6.3 (continued) 
Atom x/a y/b z/c B ( A2) Atom x/a y/b z/c B ( A2) 
H47 -0.171(8) 0.195(6) 0.194(4) 9(2) H24 -0.084 -0.163 0.268 3.7 
H48 -0.381(11) 0.154(7) 0.168(4) 13(3) H26 -0.451 -0.054 0.062 3.7 
H2 0.054 0.079 0.312 3.7 H27 -0.674 -0.022 -0.003 4.5 
H3 0.279 0.114 0.361 4.8 H28 -0.818 0.019 0.033 4.8 
H4 0.384 0.136 0.463 4.6 H29 -0.745 0.028 0.134 5.0 
H5 0.262 0.130 0.515 4.4 H30 -0.522 0.006 0.199 4.2 
H6 0.039 0.089 0.467 4.0 H32 -0.104 0.071 0.174 3.8 
H8 -0.161 0.236 0. 378 4.5 H33 0.018 0.056 0.122 4.7 
H9 -0.255 0.316 0.429 5.8 H34 0.007 -0.080 0.072 4.6 
Hl0 -0.379 0.237 0.467 6.0 H35 -0.137 -0.199 0.067 4.5 
Hll -0.394 0.076 0.459 6.8 H36 -0.265 -0.183 0.115 3.9 
Hl2 -0.298 -0.005 0.410 5.1 H38 -0.038 0.272 0.283 4.7 
H14 -0.344 
-0.096 0.312 3.7 H39 -0.142 0.426 0.239 4.6 
H15 -0.358 
-0.243 0.348 4.4 H40 -0.382 0.420 0.216 5.1 
H16 -0.166 -0.312 0.422 4.8 H41 -0.429 0.264 0.247 4.6 
H17 0.034 -0.230 0.462 4.8 H42 -0. 371 0.135 0.075 5.8 
Hl8 0.043 
-0.083 0.427 3.7 H43 -0.550 0.228 0.080 6.6 
H20 -0.480 
-0.194 0.173 3.5 H44 -0.474 0.396 0.099 7.7 
H21 -0.463 -0.348 0.204 4.3 H45 -0.242 0.403 0.110 6.6 
H22 -0.254 
-0 .411 0.266 4.2 H46 -0.181 0.241 0.094 7.2 
H23 -0.067 
-0.317 0.299 4.1 
,_. 
-...J 
-...J 
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Table 6.4 
Important bond lengths and bond angles for 
5 5 1.--, (n -C5H5)W(µ-H)2( µ-n :n -C5H4)Rh(PPh3)2 
(a) Bond lengths (A) 
W-Rh 2.9942(4) W-C37 2.236(5) W-C38 2.290(6) 
W-C39 2.289(5) W-C40 2.249(6) W-C41 2.246(6) 
W-C42 2.315(6) W-C43 2.271(7) W-C44 2.239(6) 
W-C45 2.255(7) W-C46 2.306(8) W-H47 1. 57 ( 8) 
W-H48 1.81(11) Rh-Pl 2.209(1) Rh-P2 2.278(1) 
Rh-C37 2.037(5) Rh-H47 2.43(9) Rh-H48 2.16(10) 
Pl-Cl 1.833(5) Pl-C7 1.856 ( 5) Pl-Cl3 1.842(5) 
P2-Cl9 1.840( 5) P2-C25 1.837 ( 5) P2-C31 1.847 ( 5) 
C37-C38 1.430(8) C38-C39 1.406(9) C39-C40 1.405(10) 
C40-C41 1.407(9) C41-C37 1. 441 ( 8) C42-C43 1.37(1) 
C43-C44 1.41(1) C44-C45 1.40(1) C45-C46 1. 39 ( 1) 
C46-C42 1. 40 ( 1) Cl-C2 1.383(7) C2-C3 1.391(8) 
C3-C4 1.375(9) C4-C5 1. 382 ( 9) C5-C6 1. 380 ( 8) 
C6-Cl 1.407(7) C7-C8 1. 377 ( 8) C8-C9 1. 385 ( 9) 
C9-Cl0 1.384(11) Cl0-Cll 1. 361 ( 11) Cll-Cl2 1.384(9) 
C12-C7 1. 380 ( 8) Cl3-Cl4 1. 388( 7) Cl4-Cl5 1.385(8) 
C15-Cl6 1.395(9) Cl6-Cl7 1. 381 ( 9) Cl7-Cl8 1. 377 ( 8) 
Cl8-Cl3 1.384(7) Cl9-C20 1.387(7) C20 -C21 1.388(8) 
C21-C22 1.391(8) C22-C23 1. 383 ( 8) C23-C24 1. 382 ( 8) 
C24-C19 1.395(7) C25-C26 1. 390 ( 7) C26-C27 1.402 ( 7) 
C27-C28 1. 356 ( 9) C28-C29 1.367(8) C29-C30 1. 387 ( 8) 
C30-C25 1. 380( 7) C31-C32 1. 394( 7) C32-C33 1.385(8) 
C33-C34 1.369(9) C34-C35 1.376(9) C35-C36 1. 384( 8) 
C36-C31 1. 390( 7) 
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Table 6.4 (continued) 
(b) Bond angles ( 0 ) 
H47-W-H48 83(5) W-Rh-Pl 140.08(3) W-Rh-P2 111. 36 ( 3) 
W-Rh-C37 48.3(1) Pl-Rh-P2 108.27(4) Pl-Rh-C37 92.3(1) 
Pl-Rh-H47 134(2) Pl-Rh-H48 158(3) P2-Rh-C37 159.4(1) 
P2-Rh-H47 101(2) P2-Rh-H48 83(3) C37-Rh-H47 63(2) 
C37-Rh-H48 77 ( 3) H47-Rh-H48 58(4) Pl-Cl-C2 119.1(4) 
Pl-Cl-C6 122.6(4) Pl-C7-C8 118.8(4) Pl-C7-Cl2 123.5(4) 
Pl-Cl3-Cl4 118.3(4) Pl-Cl3-Cl8 123.5(4) P2-Cl9-C20 123 .4(4 ) 
P2-Cl9-C24 117 .8(4) P2-C25-C26 124.9(4) P2-C25-C30 116.9(4) 
P2-C31-C32 118.8(4) P2-C31-C36 123.0(4) Rh-Pl-Cl 111.6(2) 
Rh-Pl-C7 115.2(2) Rh-Pl-C13 123.4(2) Cl-Pl-C7 101.5(2) 
Cl-Pl-Cl3 102.2(2) C7-Pl-Cl3 100 .0(2) Rh-P2-Cl9 128 .2 (2) 
Rh-P2-C25 105.6(2) Rh-P2-C31 115 .3(2) Cl9-P2-C25 101.9(2) 
Cl9-P2-C31 98.7(2) C25-P2-C31 104.4(2) C41-C37-C38 106 .0(5) 
C37-C38-C39 109.0(5) C38-C39-C40 107.9(5) C39-C40-C41 108 .9(6) 
C40-C41-C37 108.0(5) C46- C42-C43 109.0(7) C42-C43-C44 107 .1(8) 
C43-C44-C45 108.4(7) C44-C45-C46 107.2(7) C45-C46-C42 108.3(8) 
C6-Cl-C2 118.2(5) Cl-C2-C3 121.0(5) C2-C3-C4 120 .0(5) 
C3-C4-C5 120.2(5) C4-C5-C6 120.0(5) C5-C6-Cl 120.7(5) 
Cl2-C7-C8 117.7(5) C7-C8-C9 121.0(6) C8-C9-C10 121.0(6) 
C9-Cl0-Cll 117.9(6) Cl0-Cll-C12 121.4(7) Cll-Cl2-C7 121.1(6) 
C18-Cl3-Cl4 118.0(5) Cl3-Cl4-Cl5 121.4(5) Cl4-C15-Cl6 119.1(5) 
C15-Cl6-Cl 7 120.1(5) Cl6-Cl7-Cl8 119 .6(5) Cl7-C18-C13 121.7(5) 
C24-Cl9-C20 118.7(5) Cl9-C20-C21 120.8(5) C20-C21-C22 120.2(5) 
C21-C22-C23 118.9(5) C22-C23-C24 121 .0(5) C23-C24-Cl9 120.3(5) 
C30-C25-C26 117 .9(5) C25-C26-C27 120.0(5) C26-C27-C28 120.7(5) 
C27-C28-C29 120.1(5) C28-C29-C30 119.8(5) C29-C30-C25 121 .5(5) 
C36-C31-C32 118.2(5) C31-C32-C33 120.4(5) C32-C33-C34 120.4(5) 
C33-C34-C35 120.0(5) C34-C35-C36 119 .9(5) C35-C36-C31 120.9(5) 
Rh-H47-W 94(4) Rh-H48-W 98(5) Rh-C37-W 88.8(2) 
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Table 6.5 
Plane Atoms defining planes * Equation 
* 
1 Cyclopentadienyl ring C37-C41 0.2030X-0.3319Y-0.9212Z+7.9365 = 0 
2 Cyclopentadienyl ring C42-C46 0.0749X+0.1728Y-0.9821Z+l.7312 = 0 
** 3 C37,CA ,w 
-0.9835X-0.0229Y-0.1796Z-4.51 30 = 0 
** 4 C42,CB ,W 
-0.9946X-0.0290Y-0.0998Z-4.8685 = 0 
5 C38,C39,C40,C41 0.2024X-0.3476Y-0.9155Z+7.9799 = 0 
6 C38,C37,C41 0.2032X-0.2931Y-0.9342Z+7.8711 = 0 
7 Pl,H47,H48 0.3494X-0.8584Y-0.3757Z+5.5408 = 0 
8 W,H47,H48 0.2916X-0.0611Y-0.9546Z+5.6156 = 0 
9 W,CA,CB 
-0.9766X-0.1797Y-0.1186Z-4.1284 = 0 
10 phenyl ring Cl-C6 
-0.1667X+0.9747Y-0.1486Z-0.5554 = 0 
11 phenyl ring C7-C12 -0.5036X+0.1092Y-0.8570Z+3.7979 = 0 
12 phenyl ring C13-C18 0.6080X-0.3971Y-0.6875Z+8.9738 = 0 
13 phenyl ring C19-C24 0.5398X-0.2878Y-0.7911Z+6.3484 = 0 
14 phenyl ring C25-C30 0.2622X+0.9642Y-0.0407Z+2.3220 = 0 
15 phenyl ring C3l-C36 -0.4031X+0.4143Y-0.8160Z+l.4724 = 0 
Dihedral angle [W,CA,CB][W,H47,H48] = 99(4) 0 
[C37,CA,W][C42,CB,W] = 4.6(2) 0 
[C38,C37,C4l][C38,C39,C40,C41] = 3.3(8) 0 
[C37,C38,C39,C40,C41][C42,C43,C44,C45 ,C46] = 149.6(6) 0 
The equation of the planes LX+MY+NZ+D = 0 refer to orthogonal 
coordinates, where: 
X = 11. 3876x + Oy - 11. 7886z 
y = 
z = 
Ox+ 14.3500y + Oz 
Ox+ Oy + 22.6746z 
** CA and CB are the centroids of the c5H4 and c5H5 ring respectively 
181 
Table 6.5 (continued) 
(b) Distances (A) of atoms from least-squares planes 
Plane 1 C37 0.019(5) Plane 10 Cl 0.002(5) 
C38 -0.015(6) C2 0.005(6) 
C39 0.004(6) C3 -0.003(7) 
C40 0 .009(7) C4 -0.007(6) 
C41 -0.018(6) C5 0.014(6) 
w 1.9130(2) C6 -0.012(6) 
Plane 2 C42 0.004(6) Plane 11 C7 0.013(5) 
C43 -0.008(8) C8 -0.004(6) 
C44 0 .009 ( 7) C9 -0.009(8) 
C45 -0.007( 8) Cl0 0.014(7) 
C46 0.002(9) Cll -0.005(9) 
w -1. 9422(2) Cl2 -0 .009 ( 7) 
Plane 3 C37 0 Plane 12 Cl3 -0.012(5) 
CA 0 Cl4 0.014(6) 
w 0 Cl5 -0 .008( 7) 
Pl ane 4 C42 0 Cl6 -0 .000 ( 7) 
CB 0 Cl7 0 .002(7) 
w 0 Cl8 0 .004(6) 
Plane 5 C38 0.002(6) Plane 13 Cl9 0.002(5) 
C39 -0 .003(6) C20 -0.001(6) 
C40 0 .003(7) C21 -0.003(6) 
C41 -0 .002(6) C22 0.005(6) 
C37 0.050(5) C23 -0.003(6) 
Plane 6 C38 0 C24 -0.000(6) 
C37 0 Plane 14 C25 -0.004(5) 
C41 0 C26 -0 .007(6) 
Plane 7 Pl 0 C27 0.007(6) 
H47 0 C28 0.004(6) 
H48 0 C29 -0 .015(7) 
Rh 0.3130(3) C30 0.015(6) 
P2 2.447(1) Plane 15 C31 -0.003(5) 
C37 -1. 599 ( 5) C32 -0. 006(6) 
Plane 8 w 0 C33 0.012(6) 
H47 0 C34 -0.008(6) 
H48 0 C35 -0.001(6) 
Plane 9 w 0 C36 0.006(6) 
CA 0 
CB 0 
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CHAPTER 7 
CRYSTAL AND MOLECULAR STRUCTURE OF 
5 5 lr--, (n -C5H5)MoH(µ-PPh 2)(µ-n :n -C5H4)Rh(PPh3)2, RhMo 
7. l Introduction 
5 51r--i The complex (n -C5H5)MoH(µ-PPh 2)(µ- n :n -C5H4)Rh(PPh3)2, RhMo 
is obtained by the reaction of (11 5-C5H5)2MoH 2 and ~ 6HlPh2)(PPh3)2 
(Scheme 7. 1) 15 4 . The Mo-analogue of RhWH, i.e. 
5 5 l r----, • (n -C5H5)Mo(µ-H) 2(µ- n :n -C5H4)Rh(PPh3)2, la , 1s also formed (equation 
7. l). When the reaction mixture containing l a is heated, l a reacts 
further with the PPh3 which is formed in the first step of the reaction 
to give the phosphido-bridged complex, RhMo in high yield (equation 
7. 2). 
5 r----, (n -C5H5)MoH2 + Rh( o-C6H4PPh2)(PPh3)2 
5 5 l r----i (n -C5H5)Mo(µ-H) 2(µ- n :n -C5H4)Rh(PPh3)2 + PPh3 ( 7. l ) 
la 
( 7. 2) 
Scheme 7. l 
5 5 l .------, The mixed metal complex (n -C5H5)MoH(µ-PPh 2)(µ- n :n -C5H4)Rh(PPh3)2 
is an air sensitive bright yellow crystalline compound, soluble in 
aromatic solvents and insoluble in diethyl ether. Crystals used for 
X-ray structural determination were obtained as needles by vapour 
diffusion of n-hexane in a solution of the compound in toluene at room 
temperature under a nitrogen atmosphere. 
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7.2 Data acquisition 
Since the crystals are extremely air sensitive, they were coated 
with araldite and mounted in argon-filled capillaries. Preliminary 
X-ray studies indicated monoclinic symmetry with space group P2 1/c. 
Accurate cell dimensions (12 reflections, 40° < 28 < 43° , MoKa1 
radiation) and reflection intensities (MoKa radiation) were measured 
on the Picker FACS-l diffractometer. All reflections within a 
quadrant of the reciprocal space out to 28 = 50° were recorded 
(9290 reflections including standards). Intensities of the standard 
reflections (ll 0 0, 2 5 2, 0 0 To) decreased by 5. 8 , 4.7 and 10.1 % 
respectively. Experimental details and crystal data are outlined in 
Table 7. l. 
The data were processed to yield 4154 unique reflections with 
I ~ 3cr (I). The value of Rs for this data set was 0.045. An absorption 
correction was not applied to the data for the following reasons: 
(l) the crystal was coated with araldite and mounted in the capillary 
and therefore it was difficult to index the faces and measure the 
crystal accurately and 
(2) the crystal used was small (approxi mate di mensions= 0.10 x 0.18 x 
-l 0.10 mm) and the linear absorption coefficient, µ , was only 7.52 cm 
Maximum and minimum X-ray transmission factors consi stent with the 
approximate crystal dimensions given above would be 0.928 and 0. 873 
respectively. 
The density of 1.49 g.cm-3, obtained by flotation in a mixture 
of ZnBr2 and znc1 2 aqueous solution, agrees well with that of 1.48 
g.cm-3 calculated for 4 formula units per cell. 
184 
7.3 Solution and refinement of the structure 
The structure was solved by the heavy atom method and refined by 
full-matrix least-squares analysis. The Patterson function was 
calculated over the range 0.0 ~ u ~ 1.0, 0.0 ~ v ~ 0.5 and 0. 0 ~ w ~ 0.5 . 
The seven high maxima which correspond to Rh-Rh, Mo-Mo and Rh -Mo 
vectors were found at 
p Coordinates Types of vectors 
257 .0 .21 87 . 5 
2 245 .5264 . 5 .0633 between symmetry-related Rh 
3 115 .4734 .2827 .4354 
4 186 .0 .0501 . 5 
5 125 .9205 .5 .3048 between symmetry-related Mo 
6 72 .0790 .4496 . 1933 
7 204 . l 967 . 0810 . 1199 between Rh and Mo 
The Rh and Mo positions which were obtained are . 2368 , .1406, . 2184 
and .0398, .2249, .0976 respectively. 
A difference Fourier synthesis with phases based on the two 
atom (Rh and Mo) scattering model allowed the location of three P 
and forty-six C atoms. The partial scatter ing model containing these 
atoms together with Rh and Mo was subject to one cycle of least-squares 
refinement and six of the twelve remaining carbon atoms were found in 
a subsequent difference Fourier synthesis . The six remaining carbon 
atoms belonged to the cyclopentadienyl rings. Two additiona l cycles with 
anisotropic thermal parameters applied to Rh, Mo and P atoms and 
isotropic temperature factors for C atoms gave the R factor= 0.092 
and the difference map revealed four C atoms. The weighting scheme 
w = l/o~(F0 ) was applied in the next two cycles and the positions of 
the remaining carbon atoms were obtained from a further difference 
Fourier synthesis. 
185 
Two cycles in which Rh, Mo and P atoms were refined anisotropically 
and all C atoms were refined with isotropic thermal parameters 
decreased the R factor to 0.072. 
To reduce the number of variables, all phenyl groups were refined 
as rigid groups in the next cycles and the SHELX program was used . 
Anisotropic temperature factors were specified for Rh, Mo, P and 
cyclopentadienyl C atoms and all hydrogens were included at calculated 
positions and were allowed to "ride" on the attached C atoms (C-H = 
0.95 A). A common group temperature factor was refined for all phenyl 
hydrogen atom sets and a group temperature factor was specified for 
each cyclopentadienyl hydrogen atom set. The weighting scheme 
w = k/( o21(F) + 0. 0005 F
2) was used. The refinement converged with 
0 0 
the R value= 0.056 and Rw = 0.060. Thermal parameters of the cyclo-
pentadienyl carbon atoms except C49 are very large. These regions 
were then studied carefully using electron density difference maps 
but no interpretable pattern could be found in the residual peaks . 
The structure is probably disordered in these areas but the extent of 
the disorder is relatively small . 
A difference Fourier map calculated using only low angle reflec-
tions gave a peak of 0.15 e.A- 3 in a likely position for the hydride 
atom (about l .69 from the Mo atom). Accordingly, a hydrogen atom 
was included in the scattering model at this position and its 
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coordinates, together with an isotropic temperature factor were 
al lowed to refine (apparently successfully, vide infra ) in subsequent 
least-squares analysis cycles. No extinction correction was applied 
to the data since no evidence of an extinction effect could be observed. 
The refinement finally converged in six cycles giving the Rand Rw of 
0.056 and 0. 060 respectively. The value of kin the final weighting 
scheme was 1.9366. The maximum ratio of shift-to-error was 0. 25. A 
final difference Fourier synthesis gave a peak of 1.25 e.A- 3 lying 
between two phenyl C atoms (C46 and C47). All other peaks are less 
~-3 than 0. 80 e. f-\. • 
Summaries of structure solution and refinement are outlined in 
Table 7.2. 
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Table 7.1 
Crystal data and details of data collection and reduction 
5 5 1 r------i for (n -C5H5)MoH( µ-PPh2)( µ-n :n -C5H4)Rh(PPh3)2 
Chemical formula 
Formula weight 
Systematic absences 
Space group 
Radiation used for measurement 
of cell dimensions 
Number of reflections used for 
refinement of cell dimensions 
Unit cell dimensions: 
Volume 
F(OOO) 
Measured density, Om 
Form u 1 a u n i ts per c e 11 , Z 
Calculated density, D 
C 
Radiation used for data collection 
Diffractometer used for data 
collection 
1038.81 
hO t t = odd 
OkO k = odd 
12 reflections (2 0 range from 
40 to 43° ) 
a= 22.864(4), b = 10.139(2) 
C = 24.514(5) A, s = 124.83(1) 0 
4664.72 A3 
2120 
1.49 g.cm-3 (by flotation in 
a mixture of ZnBr2 and ZnC1 2 
aqueous solution) 
4 
-3 1.48 g. cm 
MoK a ( A= 0.7107 A) 
Picker FACS-1 
(graphite monochromator) 
Table 7.1 (continued) 
Linear absorption coeffient, µ 
Range of 28 in intensity measurement 
Form of data collected 
Axis parallel cp 
Monochromator, 28 
Dispersion factor, 6 
Scan mode 
Scan width, 28 
Scan speed 
Total background count time 
Standard reflections (percentage 
drop in intensity) 
Frequency of measuring of 
standard reflections 
Number of reflections measured 
Number of unique reflections 
with I >,, 3 a( I ) 
Criterion of data quality 
Instrumental "uncertainty factor" 
7 .52 cm-l (MoKa ) 
2 - 50 ° 
+h-kH 
[010] 
12.12 ° 
0.692tane 
8-28 scan 
1.60 + 0.692tan 8 
-1 2° min 
20 sec 
11 0 0 (5 .8) 
252 (4.7) 
o o rn (10.1) 
every 97 reflections 
9290 
4154 
Rs= 0.045 
0.002 
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Table 7.2 
Summary of structure solution and refinement 
5 5 1 r---i (n -C5H5)MoH( µ-PPh2)( µ-n :n -C5H4)Rh(PPh3)2 
Method used to solve the structure 
Least-squares refinement method 
Function minimized 
Anomalous dispersion included for 
Initial weights for refinement 
Final weights for refinement 
-using SFLS program 
-using SHELX program 
Final scattering model 
Patterson heavy atom 
full-matrix 
Rh,Mo,P,C 
w = 1.0 
w = l/a/(F 0 ) 
w = k/( a1
2(F
0
)+.0005F0
2) 
-Rh,Mo,P and cyclopentadienyl 
C refined anisotropically 
-phenyl rings treated as rigid 
groups (C-C = 1.380 A), each C 
assigned isotropic temperature 
factor 
-all H except the hydride placed 
at calculated positions (C-H = 
0.95 A) and allowed to "ride" on 
attached C atoms, a common group 
temperature factor for all phenyl 
Hand a group temperature 
factor for Hof each cyclopenta-
dienyl ring refined 
-the hydride refined isotropically 
Table 7.2 (continued) 
Final R 
Final Rw 
Final weighting scheme 
Ratio of observations : variables 
Ratio of maximum parameter shift 
to error in final cycle 
Final difference map: 
- highest peak 
- smallest peak 
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0.056 
0.060 
4158:239 
0.25 
1.25 e. A-3 (near C46 and C47) 
-0.61 e. A-3 
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7.4 Results and discussion 
5 5 1 ,------, The crystal of (n -C5H5)MoH(µ-PPh 2)(µ- n :n -C5H4)Rh(PPh3)2, RhMo 
consists of discrete molecular units separated by normal van der 
Waals contacts. The shortest intermolecular contact is 2.89(1) A 
(for Cl0 with H21). Figure 7.1 shows a view of the compound along 
with the labelling scheme. A drawing of the contents of a unit cell 
is shown in Figure 7.2. The vibrational ellipsoids are drawn at 30% 
probability level. For clarity the hydrogen atoms are omitted in both 
figures. The final atomic parameters are given in Table 7.3. Bond 
distances and bond angles of interest are listed in Table 7.4. 
Details of some molecular planes are given in Table 7.5. Table 7.6 
shows a comparison of some structural parameters observed in this 
compound and in some other structures containing a bridging diphenyl-
phosphide ligand. 
The molecule of RhMo consists of a bis(triphenylphosphine)rhodium 
unit bonded to bis(cyclopentadienyl)molybdenum unit throu gh a carbon 
of a cyclopentadienyl ligand and through a bridging diphenylphosphide 
ligand. The Rh-Mo separation of 3.807(1) A is much longer than that 
expected for a covalent single bond and may be regarded as a non-bonded 
contact. The sum of the Rh and Mo metallic radii is 2. 708 A7 6c , 75 f _ 
Structural f eatures around the Rh atom 
The Rh atom is four coordinate, being bound to two triphenyl-
phosphine ligands, to a carbon atom of the bridging cyclopentadienyl 
group and to a bridging diphenylphosphide ligand. The geometry 
around the Rh atom is essentially square planar, as can be seen from 
the bond angles in Table 7.4 and the parameters of the least - squares 
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planes in Table 7.5. The Rh atom lies about 0.12 A out of the square 
plane. 
The length of the bond from Rh to the carbon (C49) of the 
bridging cyclopentadienyl ligand is 2.05(1) A, comparable with the 
5 5 l ,----, 
analogous distance observed in (n -C5H5)W(µ-H) 2(µ-n :n -C5H4)Rh(PPh3)2, 
RhWH (2.037(5) A). 
The Rh-P bond distances in RhMo are 2.302(2), 2.270(2) and 
2.337(2) A for Rh-Pl, Rh-P2 and Rh-P3 respectively. The Rh-P bond to 
the triphenylphosphine ligand trans to the diphenylphosphide ligand 
is significantly longer than that trans to the a-C substituent . This 
is a rather unexpected result since the Rh-P bond trans to the a-C 
substituent was expected to be longer because of the high trans 
influence of this ligand. 
The angle Rh-P3-Mo at the bridging phosphide (P3) is obtuse 
(103.3(1) 0 ). In complexes with long M-M distances such as 
[Fe2(C0)5( µ-PPh2)2J 2- 1a4 and [Fe2(C0)5I2(µ-P(CH3)2)2J lSS (Table 7.6) 
the corresponding angle is also obtuse. This angle is close to the 
tetrahedral angle of 109°27', the geometry that mi ght be expected at 
the P atom. The diphenylphosphide ligand (P3) bridges the Rh-Mo 
centres asymmetrically as judged from the Rh-P3 bond lengt h 
(2.337(2);-\) and the Mo-P3 bond length (2.514(3) A). 
The geometry of the triphenylphosphine ligands in RhMo is similar 
to that observed in RhWH, (n5-c5H5)W(C0) 3PtH(PPh3)2; PtW,and 
(n5-c5H5)(C0)W( µ-C0) 2Rh(PPh 3)2; RhW. The average values of the P-C 
distance and C-P-C and C-C-P angles are l.853(5) A, 101.4(3) 0 and 
119.8(2) 0 respectively. 
Structural features around the Mo atom 
The Mo atom is bonded to two cyclopentadienyl ligands, to the 
bridging diphenylphosphide ligand and to a terminal hydride. The 
geometry around the Mo atom is similar to that observed in 
5 5 5 l (n -C5H5)2MoH 217 2 and (n -C5H5)(CO)Mo(µ -n :n -C5H4)Mn(C0) 4173 and 
also similar to the geometry around the W atom in RhWH. The 
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hydride, P3 and the normals to the cyclopentadienyl rings from the Mo 
atom form a tetrahedral configuration about the Mo atom . The dihedral 
angle between the planes defined by [Mo, P3, HJ and [Mo, CA, CB] (where 
CA and CB are the centroids of the c5H4 and C5H5 rings respectively) is 
87(10) 0 • The expected angle for an ideal tetrahedral arrangement is 
90° . The Mo -H distance of 1.6(2) A is comparable with that observed 
in (n5-C5H5)2MoH 2 (l .685(3) A.) 172 . The angle P3-Mo -H of 71(7)
0 is 
comparable to the H-Mo -H angle of 75.5(3) 0 reported for 
( 5 c ) 112 n - 5H5 2MoH 2 . 
Structural parame&ers in the cyclopentadienyl rings 
The structural parameters of the cyclopentadienyl rings in RhMo 
do not show any significant difference between the c5H4 and c5H5 rings. 
The C-C bond lengths in the c5H4 ring range from 1.26(4) to l .44(2) A 
with an average value of 1.41 (2) In the c5H5 ring they range from 
1.35(3) to l . 41(2) A with an average value of 1.39(2) A. The C- C-C 
angles range from 102(1) to 111( 2) 0 (average 106( 2) 0 ) for the C5H4 
ring and from 107( 2) to 109(2) 0 (average 108(2) 0 ) for the c5H5 ring. 
These average bond distances and bond angles are similar to those 
observed in RhWH (l .420(9) A and 107.9(5) 0 for the C5H4 ring and 
1.39(1) A and 108.0(7) 0 for the c5H5 ring). The angle whose vertex is 
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the carbon which is a-bonded to the Rh atom, C53-C49-C50 (102(1) 0 ), is 
smaller than the other internal angles in the c5H4 ring. This effect 
was also observed in RhWH. 
The two cyclopentadienyl rings are in an eclipsed configuration, 
the dihedral angle between [C49, CA, Mo] and [Mo, CB, C56] planes 
being only 5(1) 0 • The five cyclopentadienyl carbon atoms in each ring 
are coplanar to within 0.01 A and the normals to the two planes are 
inclined at an angle of 144(2) 0 • This angle does not differ signific-
antly from the corresponding angle of 149.6(6) 0 found in RhWH. 
The perpendicular distance from Mo to the c5H4 ring (l.916(1) A) 
is slightly shorter than that to the c5H5 ring (l.942(1) A). The 
Mo-C(C 5H4) distances vary from 2.17(2) to 2.38(1) A, averaging 
2.28(1) A whereas the Mo-C(C5H5) distances vary from 2.22(1 ) to 2.32(1) A 
and also average to 2.28(1) A. This value is similar to the average 
value of 2.289(2) A reported for (n5-C5H5)2MoH2172 . 
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Figure 7.1 
Figure 7.2 
A stereoscopic view of the unit cell of (n5-c5H5)MoH( µ-PPh 2)( µ- n
5
: n
1
-c5H4)Rh(PPh 3)2. 
-I..O en 
Atom 
Rh 
Mo 
Pl 
P2 
P3 
C49 
C50 
C51 
C52 
C53 
C54 
C55 
C56 
C57 
C58 
Table 7.3 
Atomic coordinates and thermal parameters for ( n5-c5H5 )MoH( µ-PPh2)( µ- n
5: n1-c5H4 )Rh(PPh3)2 
x/a 
0.23671(4) 
0.03991(4) 
0.3155(1) 
0.3178(1) 
0.1290(1) 
0.1591(5) 
0.1111(6) 
0.0577(11) 
0.0705(11) 
0.1307(6) 
-0.0756(7) 
-0.0546(7) 
-0.0361(6) 
-0.0453(8) 
-0.0681(9) 
y/b 
0.14106(7) 
0.22388(10) 
0.2176(2) 
0.0710(3) 
0.1163(2) 
0.2201(12) 
0.156(2) 
0.248(3) 
0.358(3) 
0.3487(15) 
0.189(2) 
0 .0977 ( 17) 
0.1697(14) 
0.3030(16) 
0.311(2) 
z/c 
0.21809(3) 
0.09766(5) 
0.1954(1) 
0.3236(1) 
0.2075(1) 
0.1276(5) 
0.0670(5) 
0.0201(10) 
0.0479(13) 
0 .1141( 10) 
0.0219(10) 
0.0735(8) 
0 .1284 ( 7) 
0.1122(11) 
0.0463(13) 
1311 
0.00144(2) 
0.00146(3) 
0.0019(1) 
0.0018(1) 
0 .0016 ( 1) 
0.0019(3) 
0.0035(5) 
0.0026(6) 
0.0019(6) 
0.0021(4) 
0.0017(4) 
0.0033(5) 
0.0019(3) 
0.0069(8) 
0.0031(6) 
1322 
0.00534(7) 
0.00895(12) 
0.0060(3) 
0.0081(3) 
0.0053(3) 
0.0164(17) 
0.046(4) 
0.080(9) 
0.047(6) 
0.014(2) 
0.040(5) 
0.022(3) 
0.016(2) 
0.011(2) 
0.038(5) 
133 3 
0.00157(2) 
0.00337(3) 
0 .0016 ( 1) 
0.0015(1) 
0.0024(1) 
0.0024(3) 
0.0020(4) 
0.0031(5) 
0.0145(18) 
0.0120(10) 
0.0047(6) 
0.0048(5) 
0.0048(5) 
0.0136(13) 
0.0102(12) 
13 1 2 
-0.00010(4) 
0.00007(5) 
-0.0001(1) 
-0 .0002 ( 1) 
0.0001(1) 
-0 .0001 ( 7) 
0.0074(12) 
0.005(2) 
0.0028(17) 
0.0018(8) 
-0.0042(13) 
-0.0054(9) 
-0.0001(7) 
0.0042(10) 
0.0061(14) 
13 1 3 
0.00090(2) 
0.00091(2) 
0.0011(1) 
0.0010(1) 
0.0011(1) 
0 .0011 ( 3) 
0.0010(4) 
0.0012(5) 
0.0020(9) 
0.0025(5) 
-0.0003(4) 
0.0013(4) 
0.0017(4) 
0.0083(9) 
0.0043(8) 
132 3 
0.00015(4) 
0.00167(5) 
0.0001(1) 
0.0002(1) 
0.0000(1) 
0.0022(6) 
0.0023( 10) 
0.0105(2) 
0.022(3) 
0.0089(13) 
0.0049(16) 
0 .0009 ( 11) 
0.0015(9) 
0.0051(13) 
0.016(2) 
._. 
I.O 
--..J 
Table 7.3 (continued) 
Atom x/a y/b z/c B ( A2) Atom x/a y/b z/c B ( A2) 
Cl 0.291(1) 0.392(1) 0.171(1) 2.5(2) C25 0. 364 ( 1) 0.220(1) 0.373(1) 3.3(2) 
C2 0.294(1) 0.473(1) 0.218(1) 3.5(2) C26 0.434(1) 0.252(1) 0.398(1) 5.5(3) 
C3 0.273(1) 0.603(1) 0. 202 ( 1) 4.3(2) C27 0.459(1) 0.377(1) 0.422(1) 6.8(3) 
C4 0.248(1) 0.652(1) 0.140(1) 4.6(2) C28 0.414(1) 0.470(1) 0.421(1) 7.1(3) 
cs 0.245(1) 0.571(1) 0.094(1) 4.2(2) C29 0.345(1) 0.439(1) 0.395(1) 6.6(3) 
C6 0.267(1) 0.442(1) 0.109(1) 3.5(2) C30 0.319(1) 0.314(1) 0.371(1) 4.7(2) 
C7 0.415(1) 0.227(1) 0.251(1) 2.4(2) C31 0.294( 1) -0.015(1) 0.375(1) 3.1(2) 
C8 0.450(1) 0.344(1) 0. 281( 1) 3.3(2) C32 0.256(1) -0.131(1) 0.349(1) 3.6(2) 
C9 0.524(1) 0.344(1) 0.325(1) 4.3(2) C33 0.240(1) -0.205(1) 0. 386 ( 1) 5.8(3) 
Cl0 0.561(1) 0.228(1) 0. 340( 1) 4.3(2) C34 0.262(1) -0.163(1) 0.449(1) 6.7(3) 
Cll 0.526(1) 0.112(1) 0.310(1) 4.1(2) C35 0. 299 ( 1) -0.047(1) 0.474(1) 6.1(3) 
C12 0.453(1) 0.111(1) 0.265(1) 3.4(2) C36 0.316(1) 0.027(1) 0.437(1) 5.1(3 ) 
Cl3 0.307(1) 0.137(1) 0.124(1) 2.7(2) C37 0.102(1) -0 .059 ( 1) 0.202(1) 2.6(2) 
C14 0.264(1) 0.027(1) 0.098(1) 3.3(2) C38 0.126(1) -0.145(1) 0.176(1) 3.8(2) 
C15 0.258(1) -0.040(1) 0.045(1) 4.7(2) C39 0.105(1) -0.275(1) 0.165(1) 5.1(3) 
C16 0.294(1) 0.004(1) 0.019(1) 4.3(2) C40 0.060(1) -0.320(1) 0.181(1) 5.3(3) 
C17 0.337(1) 0.114(1) 0.045(1) 3.5(2) C41 0.035(1) -0.234(1) 0.207(1) 5.0(3) 
C18 0.343(1) 0.181(1) 0.097(1) 3.2(2) C42 0.056(1) -0.103(1) 0.218(1) 3.8(2) 
C19 0. 387 ( 1) -0. 050 ( 1) 0.342(1) 3.0(2) · C43 0.130(1) 0.190(1) 0.278(1) 3.6(2) 
C20 0.377(1) 
-0.123(1) 0.290(1) 3.5(2) C44 0.141(1) 0.115(1) 0.330(1) 4.4(2) 
C21 0.423(1) 
-0.223(1) 0.301(1) 4.6(2) C45 0.149(1) 0.175(1) 0. 384( 1) 6.1(3) 
C22 0.480(1) -0.251(1) 0.365(1) 5.1(3) C46 0.146(1) 0.311(1) 0.387(1) 6.7(3) 
C23 0.491(1) -0.178(1) 0.418(1) 5.3(3) C47 0.135(1) 0. 386 ( 1) 0.335(1) 6.8(3) I-' 
\D C24 0.444(1) 
-0.078(1) 0.406(1) 4.6(2) C48 0.127(1) 0.326(1) 0.281( 1) 5.6(3) co 
Table 7.3 (continued) 
Atom x/a y/b z/c B (.8.2) Atom x/a y/b z/c B (.8.2) 
H 0.075(10) 0.332(19) 0.153(9) 21 (7) H30 0.271 0.292 0.354 7.0 
H2 0.311 0.439 0.260 7.0 H32 0.241 -0.160 0.306 7.0 
H3 0.275 0.658 0.235 7.0 H33 0.214 -0.285 0.369 7.0 
H4 0.233 0.741 0.130 7.0 H34 0.250 -0.214 0.474 7.0 
HS 0.229 0 .605 0.051 7.0 H35 0.314 -0.018 0.517 7.0 
H6 0.265 0.386 0.077 7.0 H36 0.342 0.107 0.455 7.0 
H8 0.424 0.423 0.271 7.0 H38 0.158 -0.115 0.165 7.0 
H9 0.548 0.424 0.346 7.0 H39 0.122 -0.335 0.147 7.0 
Hl0 0.612 0.229 0.370 7.0 H40 0.045 -0.410 0.174 7.0 
Hll 0.552 0.032 0.320 7.0 H41 0.004 -0.264 0.218 7.0 
H12 0.429 0.031 0.245 7.0 H42 0.039 -0.044 0.236 7.0 
H14 0.240 -0.003 0.116 7.0 H44 0.143 0.022 0.328 7.0 
H15 0.228 -0.116 0.028 7.0 H45 0.156 0.124 0.420 7.0 
H16 0.289 -0.042 -0.017 7.0 H46 0.151 0.353 0.424 7.0 
Hl7 0.362 0.144 0.027 7.0 H47 0 .133 0.480 0.337 7.0 
H18 0.373 0.257 0.115 7.0 H48 0.120 0.378 0.245 7.0 
H20 0.338 -0.104 0.245 7.0 H50 0.114 0.066 0.058 10.6 
H21 0.416 -0.274 0.265 7.0 H51 0.019 0.228 -0.024 10.6 
H22 0.512 -0.321 0.373 7.0 H52 0.044 0.437 0.027 10.6 
H23 0.530 -0.197 0.462 7.0 H53 0.150 0.419 0.145 10.6 
H24 0.452 -0.027 0.442 7.0 H54 -0.092 0.167 -0.022 9.4 
H26 0.465 0.187 0.399 7.0 H55 -0.054 0.004 0.071 9.4 
H27 0.507 0.399 0.440 7 .o . H56 -0.020 0.134 0.171 9.4 
H28 0.432 0.557 0.438 7.0 H57 ...... -0.038 o. 375 0.141 9.4 I.O \0 
H29 0.314 0.503 0.394 7.0 H58 -0.077 0.391 0.022 9.4 
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Table 7.4 
Important bond lengths and bond angles for 
(n5-c5H5 )MoH( µ-PPh2) (µ-n
5 :n1-WRh( PPh3 )2 
(a) Bond lengths (A) 
Rh-Mo 3.807(1) Rh-Pl 2.302(2) Rh-P2 2.270(2) 
Rh-P3 2. 337(2) Rh-C49 2.05(1) Mo-H 1.6(2) 
Mo-P3 2.514(3) Mo-C49 2.38(1) Mo-C50 2.25(1) 
Mo-C51 2.17(2) Mo-C52 2.19(2) Mo-C53 2.26(1) 
Mo-C54 2.23(1) Mo-C55 2.28(1) Mo-C56 2.32(1) 
Mo-C57 2.32(1) Mo-C58 2.22(2) Pl-Cl 1.851 ( 5) 
Pl-C7 1.872(4) Pl-Cl3 1. 844 ( 5) P2-C19 1.848( 5) 
P2-C25 1.842(6) P2-C31 1. 846 ( 5) P3-C37 1.862(5) 
P3-C43 1.877(5) C49-C50 1.40(2) C50-C51 1.44( 2) 
C51-C52 1.26( 4) C52-C53 1.41(3) C53-C49 1.41(2) 
C54-C55 1.41(2) C55-C56 1.37(2) C56-C57 1. 39 ( 2) 
C57-C58 1. 39 ( 3) C58-C54 1.35(3) 
(b) Bond angles ( 0 ) 
Pl-Rh-C49 85.4(3) Pl-Rh-P2 97. 9( 1) Pl-Rh-P3 158.3(1) 
C49-Rh-P2 173 .0(4) C49-Rh-P3 73 .5(3) P2-Rh -P3 102.5(1) 
Rh-C49-Mo 118.0(4) Rh-P3-Mo 103 .3(1) Rh-Pl-Cl 105.9(2) 
Rh-Pl-C7 125.9(2) Rh-Pl-Cl3 114 .4(2) Rh-P2-Cl9 121.0(2) 
Rh-P2-C25 106.1(2) Rh-P2-C31 123. 8(2) Rh-P3-C37 113.4(2) 
Rh-P3-C43 113.3(2) Cl-Pl-C7 101.4(3) Cl-Pl-Cl3 105.2(3) 
C7-Pl-C13 97.8(3) Cl9-P2-C25 107.0(3) Cl9-P2-C31 93 .8(3) 
C25-P2-C31 103.0(3) C37-P3-C43 106 .2(3) Pl-Cl-C2 115.6(2) 
Pl-Cl-C6 124.3(2) Pl-C7-C8 122.0(2) Pl-C7-Cl2 117.8(2) 
Pl-C13-Cl4 117.2(2) Pl-Cl3-C18 122.7(2) P2-Cl9- C20 117.3(2) 
P2-Cl9-C24 122.4(2) P2-C25-C26 124 .7 (2) P2-C25-C30 114.1(2) 
P2-C31-C32 116.5(2) P2-C 31-C36 123.3(2) P3-C37-C38 115.5(2) 
P3-C37-C42 124.4(2) P3-C43-C44 122.1(2) P3-C43-C48 117 .6( 2) 
P3-Mo-H 71 (7) C49-Mo-H 79 ( 7) C49-Mo-P3 65.1(2) 
C53-C49-C50 102(1) C49-C50-C51 110(2) C50-C51-C52 108(2) 
C51-C52-C53 109 ( 2) C52-C53-C49 111(2) C58-C54-C55 108(2) 
C54-C55-C56 107(2) C55-C56-C57 109(2) C56-C57-C58 107(2) 
C57-C58-C54 109(2) 
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Table 7.5 
Plane Atoms defining plane * Equations 
* 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Cyclopentadienyl ring C49-C53 0.9194X+0.2443Y-0.3082Z-l.4470 = 0 
Cyclopentadienyl ring C54-C58 -0.9607X-0.0422Y-0.2744Z-l.7440 = 0 
Pl,P2,P3,C49 0.1877X-0.9021Y-0 . 3885Z+2 .6708 = 0 
** ** Mo,CA ,CB 0.1294X-0 .9246Y-0 .3583Z+2.8617 = 0 
Mo,P3,H 0.9787X+0.1348Y-0.1549Z+0 .4435 = 0 
C49,CA,Mo 0.1007X-0.8911Y-0 .4425Z+2.9381 = 0 
Mo,CB,C56 0.1303X-0.9229Y-0.3624Z+2.8663 = 0 
C53,C49,C50 0.9123X+0.2540Y-0.3212Z-l.4302 = 0 
C50,C51,C52,C53 0 .9221X+0.2417Y-0.3021Z-l .4484 = 0 
Dihedral angle [Mo,P3,H][Mo,CA,CB] 
[C49,CA,Mo][Mo,CB,C56] 
[C53,C49,C50][C50,C51,C52,C53] 
= 87(10) 0 
= 5(1) 0 
= 1(3) 0 
[C49,C50,C51,C52,C53][C54,C55,C56,C57,C58] = 144(2) 0 
the equation of the planes LX+MY+NZ+D = 0 refer to orthogonal 
coordinates, where: 
X = 22.8640x + Oy - 14.00lOz 
y = 
z = 
Ox+ 10 .1390y + Oz 
Ox+ Oy + 20.1223z 
** CA and CB are the centroids of the c5H4 and c5H5 ring respectively 
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Table 7.5 (continued) 
(b) Distances (A) of atoms from least-squares planes 
Plane 1 C49 0 .008( 13) Plane 5 Mo 0 
C50 -0.003(16) P3 0 
C51 -0.004(28) H 0 
C52 0.010(31) Plane 6 C49 0 
C53 -0.011(19) CA 0 
Mo -1.916(1) Mo 0 
Plane 2 C54 0.010(22) Plane 7 Mo 0 
C55 -0.003(19) CB 0 
C56 -0.006(16) C56 0 
C57 0.012(25) Plane 8 C5 3 0 
C58 -0.014(27) C49 0 
Mo -1. 942 ( 1) C50 0 
Plane 3 Pl -0.006(2) Plane 9 C50 0.004(16) 
P2 0.005(3) C51 -0.007(28) 
P3 -0. 007(3) C52 -0.007(31) 
C49 0.008(12) C53 -0.004(19) 
Rh 0.1185(7) C49 0.02(1) 
Plane 4 Mo 0 
CA 0 
CB 0 
Table 7.6 
Selected structures containing a bridging diphenylphosphide ligand 
a= this work,*= average value 
M-M' (A) M-P-M' ( 0 ) Rh-P (A) 
5 5 1 (n -C5H5)MoH( µ-PPh2)( µ-n :n -C5H4)Rh(PPh3)2 3.807(1) 103.3(1) 2.337(2) 
[Fe2(C0) 6(µ-PPh2)2J
2
- 3.630(3) 105.5(1) -
[Fe2(C0) 6I2(µ-PMe2)2J 3.590(4) 102.6(2) -
5 Mo 2(n -C5H5)2(C0) 4(µ-H)( µ-PMe2) 3.267(2) 84.8( 1) -
Rh 3(µ-PPh2)3(C0) 6(PPh 2H) * * * 3.165(2) 85.4(1) 2.334(4) 
Rh 3(µ-PPh2)3(C0) 7 * * * 3 .139 ( 11) 83.9(9) 2.33(3) 
Felr(µ-PPh2)(C0) 5(PPh 3)2 2.960(1) 81.62(7) -
(C 5Me5)Rh( µ-PMe 2)2Mo(C0) 4 * 2. 9212 ( 7) 76.33(5) 2.249(2)* 
Rh 3(µ-PPh 2)3(C0) 5 * * * 2.766(1) 74.6(1) 2.282(2) 
Mo-P (A) Ref. 
2.514(3) a 
- 184 
- 185 
2.422(3) * 113 
- 186 
- 186 
- 146 
2.473(2) * 182 
- 186 
N 
0 
w 
SECTION IV 
CHAPTER 8 
CRYSTAL AND MOLECULAR STRUCTURES OF 
AuBr2{o -(C2H5)2PC6H4CHCH2Br}, [AuBr3.SDEP]; 
8.1 Introduction 
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Gold compounds and organogold complexes generally contain the 
metal in oxidation state +l or +3 117C, 187 . Gold(!) has a dlO 
electronic configuration and its compounds are commonly two-coordinate 
with linear structures. Higher coordination number gold(!) compounds 
are known, e.g. three-coordinate complexes with trigonal planar 
stereochemistry and four-coordinate complexes with tetrahedral 
stereochemistry. However, they readily undergo ligand dissociation . 
The four-coordinate gold(!) complexes are coordinatively saturated with 
gold having an 18-electron configuration. The linear (14-electron 
configuration) and trigonal (16-electron configuration) gold(!) 
complexes have respectively two and one vacant 6p orbital(s). 
Gold(III) has a d8 electronic configuration and its complexes are 
usually four-coordinate although higher coordination number gold(III) 
compounds have been observed 18 8 - 1 91 . For four-coordinate complexes, 
square planar geometry about the metal atom is strongly preferred. 
In these complexes the gold atom has a 16-electron configuration and 
the 6p
2 
orbital is vacant. 
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A number of interesting a-bonded organogold complexes have been 
synthesized and characterized 192 - 195 . Donor li gands (such as 
phosphines or arsines) are commonly required for stabilization of 
these complexes. 
The work described in this chapter is a continuation of the 
previous structural studies on gold and platinum complexes of olefinic 
tertiary phosphines and arsines carried out at the University of 
Sheffie ld by Mason and co-workers 196 - 198 . Their work arose from 
synthet ic and mechanistic studies of these complexes carried out by 
Bennett, Nyholm and co-workers in University College, London in the 
years 1961-1967 199 - 208 and was recommenced in the Research School of 
Chemistry, Australian National University by Bennett and 
co-workers 209 , 210 in an attempt to answer some of the problems arising 
from the previous work. 
Ligands containing various combinations of group V and olefin 
donors have been prepared. These compo unds can behave either as 
monodentate ligands, coordinating to the metal atom through the 
phosphorus or arsenic atom only, or as bidentate ligands, coordinating 
through both the phosphorus or arsenic atom and through the olefin 
group. 
The two main aims of synthesising these ligands and their 
complexes were: 
(i) to stabilize mono-olefin complexes of a range of transition 
metal ions 
(ii) to study the reactions of the metal complexes of these ligands 
with halogens. 
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The four ligands on which the original studies were based were: 
(iii) o-vinylphenyldimethylarsine, o-CH2=CHC 6H4As(CH3) 2, (SA) 
(X PPh2 a B CH=CH 2 
(SP) 
(XAsMe 2 a B CH=CH 2 
(SA) 
(X PPh2 a B y CH CH=CH 2 2 
(AP) 
CXAs Me2 a B y CH 2CH=CH 2 
(AA) 
The present complexes involve the ligand s AP and SDEP (where 
SDEP = o-vinylphenyldiethylphosphine, o-CH2=CHC6H4P(C2H5)2). 
(XPEt2 a B 
CH=CH 2 
(SDEP) 
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In the early work, the ligands SA and AA were shown to form two 
types of complex with divalent platinum . In the complexes of general 
formula PtX2(ligand) (X =Cl, Br and I), both the double bond and the 
group V donor atom are attached to the metal, whereas in PtBr2(ligand) 2 
only the group V donor atoms are coordinated and the double bonds are 
free . Addition of one equivalent of bromine to PtBr2(SA) 2 gave a 
complex of formula PtBr4(SA) 2 which was formulated on the basis of 
chemical and spectroscopic evidence as an octahedral tribromoplatinum 
(IV) complex containing a Pt-C a-bond to one of the ortho substituents 
(Chart 1) 207 . While the precise structure of this complex is unknown 
(there are three possibilities for the chelate ring) the structure of 
its ethanolysis product has been fully characterized by the X-ray 
diffraction technique 197 ,1 98 _ 
It was also shown that bromination of the linear gold complex 
AuBr(ligand) where ligand= SP or AP, leads to formation of gold(III) 
complexes of general formula AuBr3(ligand) which contain gold -carbon 
a-bonds. Proton NMR and X-ray studies showed AuBr3. SP to be a planar 
dibromogold(III) complex containing a five -membered chelate ring with 
an Au-Ca-bond to the ortho substituent (Chart 2) 196 . Likewise, 
AuBr3.AP was also shown to contain square planar gold but in a six -
rather than a five-membered ring (Chart 3) 196 , 197 . 
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Chart 1 
Bromination of PtBr2(SA) 2 and ethanolysis of the resulting adduct. 
(YCH=CH2 
~As Br 
Me2"-p1 / 
/ '-.... Me 2 
Br As~ 
CH2=C~ 
[PtBrz(SA)zl 
.. Q. /CH2Br CH I /Br 
Me2'Pt 
OEt 
I (XCH"- CH2 
As I Br 
Me2 '-Pt/ 
EtOH 
(- HBr) 
B~ l'-i;:X)e2 
Br I ~ 
CH2=CH ~ 
[ P tB r 4 ( SA) 2 ] 
(structure proposed 
by NMR data) 
/ I "-. Me2 
Br AsX) Br ~ 
CH2=CH I # 
[PtBr3(SA.0Et)(SA)] 
(structure determined by 
single crystal X-ray 
diffraction technique) 
* 
209 
Chart 2 
Bromination of AuBr.SP and methanolysis of the resulting adduct.* 
Q-PphLA,-Br 
CH=CH2 
[AuBr.SP] 
MeOH 
(-HBr) 
The present work suggests that the proposed structure of the 
methanolysis product is not correct, i.e. it contains a five-
membered ring, not a six-membered ring. 
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Chart 3 
Bromination of AuBr.AP and alcoholysis of the resulting adduct.* 
Ph 2 
Q-PtLAu-B, ex
p /Br 
'---._Au 
H-CH "sr 21 
CH 2Br 
* 
CH2CH=CH2 
[AuBr.AP] 
more soluble 
[Au Br 2 .AP. OR(A)] 
[AuBr3.AP] 
ROH(R = Me ,Et) 
(-HBr) 
less soluble 
[AuBr2.AP .OR(B)] 
The present work shows that the structure of the more soluble 
isomer agrees with that suggested but the less soluble isomer 
is shown to contain a seven- rather than a six-membered 
metallacycle. 
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Since the NMR spectra of PtBr4(SA) 2 and AuBr3.sp are similar, 
it was suggested that PtBr4(SA) 2 probably has the same five-membered 
chelate ring structure as the gold complex. 
On heating with alcohol, the bromine atom in the organic side-
chain of both PtBr4(SA) 2 and AuBr3. sP is readily substituted by the 
alkoxide group. A single crystal X-ray study of the Pt(IV) ethoxy 
derivative (Chart l) has shown that PtBr3(sA.OEt)(SA) contains a six-
membered chelate ring 197 , 198 . Because the proton NMR spectra of 
PtBr3(SA.OEt)(SA) and of the methoxy gold derivative AuBr2.SP.OMe 
(Chart 2) are basically similar198 , a six-membered chelate ring 
structure was also proposed for AuBr2.sP.OMe. 
The precise structure of AuBr2.SP.OMe has not yet been 
characterized because good single crystals could not be obtained. 
However, the corresponding complexes of the diethyl substituted ligand 
[o-vinylphenyldiethylphosphine, o-CH2=CHC 6H4P(C2H5)2, (SDEP)] have 
since been prepared by Bennett and Neumann 209 and crystals, suitable 
for X-ray analysis, of both AuBr3.SDEP and AuBr2.SDEP.OMe were 
obtained . Their structures are reported below. 
In the case of AuBr3.AP, methanolysis or ethanolysis gives, in 
each case, a pair of isomers of empirical formula AuBr2.AP.OR 
(R = Me and Et) for which Kneen 203 has proposed the structures shown 
in Chart 3. Other structures are clearly possible and, accordingly, 
the methanolysis product was recently reprepared and the isomers 
separated by chromatography by Bennett and Neumann 209 with a view to 
obtaining crystals suitable for X-ray analysis. Crystals of both 
isomers were, indeed, grown successfully and their structures, too, 
are reported be l ow. The structure of the more soluble isomer 
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[AuBr2.AP.OMe(A)] agrees with that suggested by Kneen but the less 
so luble isomer [AuBr2.AP.OMe(B)] is shown to contain a seven- rather 
than six-membered metallacycle (Chart 5). 
Pale yellow crystals of AuBr3.SDEP, AuBr2.SDEP.0Me, 
AuBr2.AP.0Me(A) and AuBr2.AP.0Me(B) suitable for an X-ray structural 
ana lysis were grown from chloroform/ether, dichloromethane/40-60° 
petrol, dichloromethane/methanol and chloroform/n-hexane solution 
respectively . The crystals of these complexes degrade and turn 
slightly brown on exposure to X-rays . Crystals of AuBr2.AP.0Me(B) 
became powdery in 2-3 days in air due to the loss of CHC7 3 solvent 
molecules from the crystal . The crystals were therefore coated with 
araldite before mounting on quartz fibres to prevent the solvent 
molecules from escaping . Crystals of AuBr2.AP.OMe(A) also became 
powdery in 2-3 days in air but if the crystals were kept in the dark 
they were found to last for more than 3 months . 
8.2. l Data acquisition 
Preliminary X-ray studies showed that the crystals belong to the 
monoclinic system with space group P2 1/n. Accurate cell dimensions 
were obtained from a least-squares refinement of 12 reflections with 
2e values between 81° and 97° measured on a Picker FACS-1 diffracto-
meter with graphite monochromated CuKa1 radiation. 
Intensity data were also measured on a Picker FACS-1 diffractometer 
(graphite monochromated CuKa) . The data were collected out to 
2e = 127° . Intensities of three standard reflections (6 l 0, 0 8 0 and 
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0 2 7) decreased by 21 .4, 15.4 and 37. 8% respectively, showing that the 
crystal degraded badly in the X-ray beam. Therefore intensity data 
from this crystal were used for the early stages of structure determina-
tion only. The second crystal was used to collect data within the 
range 3° < 20 < 90° (intensities of the standards dropped by 11.7, 3.4 
and 15.7%) and the third crystal was used for data collection within 
the range 87° < 20 < 120° (intensities of the standards declined by 8. 2, 
2.4 and 13.2%). Data from the second and third crystals were combined 
and used for the refinement. 
Reflection data from the first crystal were corrected for Lorentz, 
polarization and crystal degradation effects. Reflections were sorted 
and equivalent reflections were averaged using the program SORTER . 
Of the 3101 reflections measured only 2395 unique reflections were 
considered to be observed by the criterion I ~ 3o(I) and were used in 
the solution of the structure. 
Intensity data from the second and third crystals were individually 
corrected for Lorentz, polarization and crystal degradation effects. 
An absorption correction (using the program TOMPAB) was also applied. 
These two sets of data were combined by scaling the third crystal data 
set to the same level as that of the second crystal using the scale 
factor= 0. 98. This scale factor is the average value of the ratio 
IF I to IF I t 1 3 of the 43 common reflections. o crystal 2 o crys a With 
1674 reflections from the second crystal and 1308 reflections from the 
third crystal, only 2163 independent reflections with I ~ 3o(I) were 
considered to be observed. This combined set of data was retained for 
use in the refinement. Details of data collection and reduction are 
li sted in Table 8. l. 
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The measured density (2.55 g.cm- 3) was determined by flotation 
in bromoform-carbon tetrachloride mixture. It agrees well with the 
calculated value of 2.56 g.cm- 3, for four molecules in the unit cell. 
8.2.2 Solution and r efinement of the structure 
The structure was solved by the heavy atom method using the 
first crystal data set . The coordinates of the Au atom were obtained 
from the Patterson map and were used to phase an (F -F) map to give 
0 C 
the positions of other non-hydrogen atoms. 
The structure was refined by the full-matrix least-squares method. 
Two cycles of unit weight refinement in which all non-hydrogen atoms 
were refined isotropically led to the R factor of 0. 176. Next, the 
weighting scheme w = l/o~(F0 ) was applied and anisotropic thermal 
parameters were applied to the Au, P and three Br atoms. This gave the 
values of R = 0. 142, Rw = 0.173 and S = 5.989. 
At this stage, the refinement was continued using the combined 
data set from the second and third crystals. The R factor dropped to 
0.046 after two cycles. All hydrogen atoms were included as fixed 
contributors to the scattering model (C-H = 0.95 A, BH =Be x 1.1 A2). 
The hydrogen parameters were recalculated after every 2-3 refinement 
cycles. All non-hydrogen atoms were refined anisotropically . The 
comparison of observed and calculated structure factor amplitudes of 
some strong low angle reflections showed evidence of extinction 
effects. A correction for secondary extinction using the Zachariasen 
expression was then included in the model . The refinement converged 
to R = 0.033, R = 0.048 ands= 1.798, based on 155 variables and 
w 
2163 unique data. The final difference Fourier synthesis revealed two 
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peaks of l .42 and 1.41 e.A- 3 at about 0.95 and 0. 97 A from the Au 
atom. All other peaks are less than 0.75 e .A- 3. The maximum ratio 
of parameter shift - to-error= 0.02. Structure solution and refinement 
are summarized in Table 8.3. 
8.3 
8 . 3. l Data acquisition 
A preliminary photographic study revealed symmetry and systematic 
extinctions consistent with the space group P21/c of the monoclinic 
system. Unit cell dimensions were also obtained from these photographs 
and were later refined by a least-squares analysis of 12 reflections 
(89 ° < 2e < 117 °) measu red on a Picker FACS - l diffractometer (graphite 
monochromated CuKa1 radiation). 
Intensity data were measured on a Philips PWll00/20 diffractometer 
(graphite monochromated MoKa radiation) . A total of 3231 data out to 
2e = 50° were collected. Intensities of three standard reflections 
(6 0 4, 0 l To and O 14 0) dropped by 5.4, 7.7 and 2. 1%. The 
measured intensities were corrected for Lorentz, polarization and 
crystal degradation effects using the CRYSTAN program. Only 1884 
independent reflections with I ~ 3o(I) were considered to be observed 
and were used for the calculations. Crystal data and expe rimental 
details are summarized in Table 8.1 . 
The measured density D determined by flotation in bromoform-
' m' 
-3 
carbo n tetrachloride mixture was found to be 2. 30 g.cm This value 
corresponds to the calculated value of 2. 29 g.cm-3, for four molec ules 
per unit cell. 
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8.3.2 Solution and r e finement of the structure 
The structure was solved by the heavy atom method using a three-
dimensional Patterson synthesis to locate the Au atom. Positions of 
all other non-hydrogen atoms were found in the subsequent difference 
Fourier syntheses. 
Refinement was carried out by the full-matrix least-squares 
method . During the early refinement cycles each reflection was first 
given a unit weight. All non-hydrogen atoms were initially refined 
isotropically and were later assigned anisotropic therma l parameters. 
2 The weighting scheme was also changed tow= 1/o2(F0 ). All hydrogen 
atoms were included in the structure factor calculation as fixed 
contributors at calculated positions (C-H = 0.95 A). The refinement 
converged giving the R factor= 0.041, Rw = 0.042 and S = 1.767. 
At this stage, an absorption correction was applied to the 
diffraction data using the program SHELX. The refinement was resumed 
using these absorption corrected data. Continued refinement of 
position and anisotropic thermal parameters for all non-hydrogen atoms , 
with fixed contributions for hydrogen atoms led to final convergence 
with R = 0.034, Rw = 0. 035 and S = 1.1 05 . No extinction correction was 
applied to the data since the extinction effects could not be obse rved . 
A final difference Fourier synthesis showed no peaks greater than 
A-3 1. O e. . The maximum ratio of parameter shift-to-error= 0. 02 . 
Structure solution and refinement are summarized in Table 8.3. 
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8.4 
8.4. l Data acquisiti on 
Oscillation, Weissenberg and precession photographs showed that 
the compound crystallized in the monoclinic system with space group 
P2 1/n. Unit cell dimensions and intensity data were measured on 
Philips PWll00/20 diffractometer using graphite monochromated MoKa1 and 
MoKa radiation respectively. Since the crystals decomposed on 
exposure to X-rays, two crystals were used for measuring the diffraction 
data. The first crystal was used to collect data within the range 
3° < 20 < 40° . Intensities of three standards (4 0 0, T 8 0 and 
Tl 9) measured every hour decreased by 9.8, 15.2 and 11 . 3% respectively. 
A second crystal was used for measuring the data within the range 
39° < 20 < 50° . Intensit i es of the standards dropped by 17.7, 20.0 and 
13.1 % respectively. 
Reflection data from each crystal were corrected for Lorentz, 
polarization and crystal degradati on effects. Of 2392 reflections 
measured with crystal l, only 1481 unique reflections were considered 
to be statistically significant (I ~ 3o(I)) and were used in the 
solution and refinement of the structure. 
During the refinement the reflection data from both crystals were 
corrected for absorption using the program SHELX . The second crystal 
data set was scaled to the same level as that of the first crystal 
using the scale factor= 1.085. This scale factor is the average 
value of the ratio IFolcrystal l to IFo lcrystal 2 of the 61 common 
reflections. The data from the first and second crystals were then 
combined and equi valent reflections were averaged. 2117 independent 
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reflections were considered to be observed by the criterion I~ 3o(I) 
and were retained for use in the refinement. Experimental details are 
listed in Table 8. 2. 
The observed density obtained by flotation in ZnBr2 aqueous 
solution is 2. 06 g.cm-3. It agrees well with the calculated density 
2 -3 of .07 g.cm for four molecules of the compound in a unit cell. 
8.4.2 Solution and refinement of the structure 
The structure was solved by the heavy atom method using the first 
crystal data set only. The Au atom was located from a three-dimensional 
Patterson synthesis whereas all other non-hydrogen atoms were located 
from difference Fourier maps. 
The structure was refined by the full-matrix least-squares 
technique. The first two cycles of unit weight refinement in wh ich all 
non-hydrogen atoms were assigned isotropic temperature factors gave the 
R factor= 0. 151. 
At this stage the combined set of absorption corrected data was 
used for further refinement. The weighting scheme w = 1/o~(F0 ) was 
introduced. All non-hydrogen atoms were refined anisotropically . 
Hydrogen atoms were included in the scattering model as fixed contribu-
tors at calculated positions (C-H = 0.95 A) . These hydrogen parameters 
were recalculated after every 2-3 cycles of the refinement . An 
extinction correction was not applied since no evidence of extinction 
effects could be observed. The final refinement was based on 244 
variables and 2117 unique data and converged to values for R = 0.045, 
Rw = 0.044 ands= 1. 330. A final difference Fourier synthesis revealed 
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R-3 two peaks of 1.85 and 1.59 e.1-1. which are about 1.03 and l. 16 A from 
the Au atom. All other peaks are less than 1.00 e.A- 3. The ratio 
of maximum parameter shift-to-error is 0.03. Structure solution and 
refinement are summarized in Table 8.4. 
8.5 Crystal and mo lecular structure of 
8.5. l Data acquisition 
The crystals were coated with araldite before mounting on quartz 
fibres to prevent the solvent molecules from escaping. Oscillation 
and Weissenberg photographs showed that the compound crystallized in 
triclinic system with Pl or PT space group . Successful solution and 
refinement of the structure confirmed the space group PT. 
Cell dimensions and diffraction data were measured on the Philips 
PWll00/20 diffractometer using graphite monochromated MoKa1 and MoKa 
radiations. The data were collected up to 2e = 52 ° . Three standard 
reflections (4 O l, O 5 O and Z O 6) measured every hour showed a 
decrease in intensity during the course of data collection (9.3, 8.1 
and 10.0% respectively). 
Reflection data were corrected for Lorentz, polarization and 
crystal degradation effects. Of 5093 reflections measured, only 3816 
independent re flections with I ~ 3a(I) were considered to be observed 
and were used in the structural analysis. Crystal data and details 
of data collection and reduction are summarized in Table 8.4. 
The measured density (2.08 g.cm-3) obtained by flotation in ZnBr2 
aqueous solution shows that there is about one molecule of chloroform 
220 
(solvent mol ecule) per molecule of the complex in the crystal 
(Dc for AuBr2{o- (C6H5)2PC6H4CH 2CH(0CH3)cH2}. CHC1 3 = 2.09 g.cm-3). 
8. 5. 2 Solution and r efinement of the structure 
The structure was solved by the heavy atom method . The Au atom 
was located from a three-dimensional Patterson synthesis whereas all 
other non - hydrogen atoms including those of the chloroform so l vent 
molecule were found from difference Fourier syntheses. Refinement was 
carried out by the full-matrix least-squares method . All non - hydrogen 
atoms were first refined isotropically . Unit weights were applied to 
all reflections. Atoms of the chloroform molecule were assigned an 
occupancy factor of 1.0 as suggested from the formula weight derived 
from density measurement . This gave the R factor= 0. 103 . 
At this stage the diffraction data were corrected for absorption 
using the program SHELX . The refinement was continued using the 
absorption corrected data . The weighting scheme was changed tow= 
l/o~(F
0
) and all non-hydrogen atoms were assigned anisotropic temperature 
facto r s. Al l hydrogen atoms were included in the scattering model as 
fixed contributors at calculated positions (C-H = 0. 95 A). These 
hydrogen parameters were recalculated after 2-3 refinement cycles . No 
extinction correction was applied to the data since comparison of 
observed and calculated structure factor amplitudes did not show 
seve re exti nction effects . The refinement f i nal ly converged with the 
R val ue= 0.030, R = 0.034 and S = 1. 084. The highest peaks in the 
w 
fina l difference map were 1.33 and 1. 00 e.A-3 near the C20 and 0 atoms . 
There are no st rong peaks in the region of the ch l oroform molcule . 
Thi s indi cated that t he occ upa ncy factor of 1. 0 assigned for the 
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chloroform molecule is correct. The ratio of maximum parameter 
shift-to-error is 0.02 . A summary of structure solution and refinement 
is outlined in Table 8.4. 
Table 8.1 
Crystal data and details of data collection and reduction for 
AuBr2{o-(C2H5)2PC6H4CHCH 2Br},(AuBr3.SOEP) and AuBr2{o-(C2H5)2Pc6H4CHCH 20CH3},(AuBr2.soEP.OMe) 
Chemical formula 
Formula weight 
Systematic absences 
Space group 
Radiation used for measurement 
of cell dimensions 
Diffractometer used for refinement 
of cell dimensions 
AuBr3.SOEP 
c12H17AuBr/ 
628.92 
hO t h+Q. = odd 
OkO k = odd 
P2/n 
CuKa1 (A = 1.54051 A) 
Pic ke r FACS-1 
(graphite monochromator) 
AuBr2.SDEP.OMe 
c13H20AuBr20P 
580.05 
hO .Q. Q, = odd 
OkO k = odd 
P2/c 
CuKa1 (A= 1.54051 A) 
Picker FACS-1 
(graphite monochromator) 
N 
N 
N 
Table 8.1 (continued) 
Number of reflections used for 
refinement of cell dimensions 
Boundary faces of crystal 
(distance from origin (mm)) 
AuBr3.SDEP 
12 reflections (2 8 range 
from 81 to 97 ° ) 
crystal 2 
1 1 0 (0.040) 
I I o (0.127) 
o 1 I (0.064) 
o I 1 (0) 
o I I (0.034 ) 
0 1 1 (0.030) 
0 0 1 (0) 
o o I (0.044) 
I 1 o (0.165) 
1 I o (0) 
0 1 0 (0.052) 
o I o (0.015) 
vcryst . .49xl0-
6 
crystal 3 
(0) 
(0.184) 
(0) 
(0.081 ) 
(0.038) 
(0.024) 
(0.046) 
(0) 
(0.137) 
(0 .046) 
(0.012) 
(0.074) 
-6 3 
.67x10 cm 
AuBr2.SDEP.0Me 
12 reflections (2 8 range 
from 89 to 117 °) 
1 0 1 (0) 
I o I (0.105) 
0 1 0 (0.082) 
o I o (0) 
Io 2 (0.187) 
1 O 2 (0) 
N 
N 
w 
Table 8.1 (continued) 
Unit cell dimensions: 
Volume 
F(OOO) 
Measured density, Om 
Formula units per cell, Z 
Calculated density, Dc 
Radiation used for data collection 
AuBr3 .SDEP 
a= 9.477(1) A 
b = 12.457(2) A 
c = 13.917(2) Ji. 
B = 95 . 5(3) 0 
1635.41 .8.3 
1152 
2.55 g.cm-3 (flotation 
in bromoform-carbon 
tetrachloride mixture) 
4 
-3 2.56 g.cm 
CuK a ( \ = 1.5418 A) 
AuBr2 .SDEP.OMe 
a = 7 .9923(7) A 
b = 16.894(1) .8. 
c = 13.109(1) J.. 
B = 108.21(4) 0 
1681.29 A3 
1080 
-3 ( 2.30 g.cm flotation 
in bromoform-carbon 
tetrachloride mixture) 
4 
-3 2.29 g.cm 
MoKa ( \ = 0.7107 .l\.) N N +=> 
Table 8.1 (continued} 
Diffractometer used for data 
collection 
Linear absorption coeffient, µ 
Absorption correction method 
Transmission factors: 
max 
min 
Range of 28 in intensity mearsurement 
Form of data collected 
Axis parallel ¢ 
AuBr3.SDEP 
Picker FACS-1 
(graphite monochromator} 
-1 -272.41 cm (CuKa } 
de Meulenaer and Tompa 
crystal 2 
.352 
.189 
crystal 2 
3 - 90 ° 
+h+k ±.Q, 
[100] 
crystal 3 
. 375 
.137 
crystal 3 
87 - 120° 
AuBr2.SDEP.0Me 
Philips PWll00/20 
(graphite monochromator} 
-1 -141.60 cm (MoKa } 
numerical absorption correction 
.369 
.264 
6 - 50 ° 
±h+k+ .Q, 
[101] 
N 
N 
u, 
Table 8 .1 (continued} 
Monochromator, 28 
Dispersion factor, 6 
Scan mode 
Scan width, 2 8 
Scan speed 
Total background count time 
Standard reflections (percentage 
drop in intensity) 
AuBr3.S0EP 
26.60 ° 
0.285tan 8 
8-2 8 scan 
1.80 + 0.285tan 8 
2° min-l 
20 sec 
crystal 2 
b 1 0 (11.7) 
080 (3.4) 
0 2 7 ( 15 . 7) 
crystal 3 
(8.2) 
(2.4) 
(13.2) 
AuBr2.SDEP.0Me 
12.18 ° 
0.692tan 8 
8-2 8 scan 
1.80 + 0.692tan 8 
30 • -1 m,n 
20 sec 
604 (5.4) 
o 1 ro (1.n 
0 14 0 (2.1) 
N 
N 
~ 
Table 8.1 (continued) 
Frequency of measuring of 
standard reflections 
Number of reflections measured 
Number of unique reflections 
with I >,. 3a (I) 
Criterion of data quality 
Instrumental "uncertainty factor" 
AuBr3.SDEP 
every 97 reflections 
2882 
2175 
Rs= 0.013 
0.002 
AuBr2 .SDEP.0Me 
every 2 hours 
3231 
2023 
RC= 0.035 
0.0016 
N 
N 
--...J 
Table 8.2 
Crystal data and details of data collection and reduction for 
AuBr2{o- {C6H5)2PC6H4CH2CHCH20CH 3},[AuBr2.AP.0Me{A)] and AuBr2{o-(C6H5)2PC6H4CH 2CH(0CH3)cH2}.CHC1 3,[AuBr2.AP.0Me(B)] 
Chemical formula 
Formula weight 
Systematic absences 
Space group 
Radiation used for measurement 
of cell dimensions 
Number of reflections used for 
refinement of cell dimensions 
AuBr2.AP.0Me(A) 
c22H22AuBr20P 
690 .17 
h0 £ h+ £ = odd 
0k0 k = odd 
P21/n 
MoKa1( A = 0.70926 A) 
25 reflections (2 6 range 
from 8 to 22°) 
AuBr2.AP.0Me(B) 
c22 H22AuBr20P.CHC1 3 
809.55 
none 
Pl 
MoKa1 (A = 0.70926 A) 
25 reflections (2 6 range 
from 10 to 24°) 
N 
N 
co 
Table 8.2 (continued) 
Au!3r2 .AP.0Me(A) AuBr2.AP.0Me(B) 
Boundary faces of crystal crystal 1 crystal 2 0 0 1 (0.076) 
(distance from origin(mm)) I o 1 (0.036) (0) o o I (0) 
1 o I (0.036) (0.060) Io o (0.120) 
o I 1 (0 .096) ( 0) 1 0 0 (0) 
o 1 I (0 .096) (0.200) o 1 I (0. 152) 
0 1 1 (0.096) (0.048) o r 1 (0.060) 
o I I (0 .096) (0.200) 1 r r (o) 
0 1 0 (0.096) (0.160) 
o I o (0.096) (0.100) 
1 0 1 (0.080 ) (0) 
r o r (0.080) (0.208) 
I I 1 (0.070) (0.040) 
1 1 I (0.070) (0.100) 
1 I I (0.070) (0.080) 
I 1 1 (0.070) 
Vcryst. .22xl0-
5 
. 26xl0-5 cm3 
N 
N 
I..O 
Table 8.2 (continued) 
Unit cell dimensions: 
Volume 
F(000) 
Measured density, om 
Formula uni ts per eel l, Z 
Calculated density, De 
AuBr2.AP.0Me(A) 
a= 9.012(3) .&. 
b = 16.197(6) .&. 
c = 15.567(3) .8. 
f3 = 102.443(5) 0 
2218.90 .&.3 
1304 
2.06 g.cm-3 (flotation in 
ZnBr2 aqueous solution) 
4 
-3 2.07 g.cm 
AuBr2.AP.0Me(B) 
a = 10.413(2) .&. 
b = 10.475(2) .&. 
c = 13.367(5) A 
a = 101.365(13) 0 
f3 = 107.767(9) 0 
y = 104.296(18) 0 
1285.53 A3 
768 
2.08 g.cm-3 (flotation in 
ZnBr2 aqueous solution) 
2 
-3 2.09 g.cm 
N 
w 
0 
Table 8 .2 (continued) 
Radiation used for data collection 
Diffractometer used for data 
collection -
Linear absorption coeffient, µ 
Absorption correction method 
Transmission factors: 
max 
min 
Range of 28 in intensity mearsurement 
Form of data collected 
AuBr2.AP. 0Me(A) 
MoKa (A= 0.7107 Al 
Philips PW 1100/20 
(graphite monochromator) 
102.06 cm- 1 (MoK~) 
numerical absorption correction 
crysta l 1 
.505 
.215 
crystal 1 
3 - 40 ° 
:!.h+k+ Q, 
crystal 2 
.552 
.214 
crystal 2 
39 - 50 ° 
AuBr2 .AP.0Me(B) 
MoKa (A = 0.7107 A) 
Philips PW 1100/20 
(graphite monochromator) 
91.06 cm-l (MoK &) 
numerical absorption correcti on 
.548 
.320 
3 - 52 ° 
±h±k+ Q, 
N 
w 
....... 
Table 8.2 (continued) 
Axis parallel ¢ 
Monochromator, 2 0 
Dispersion factor, b. 
Scan mode 
Scan width, 20 
Scan speed 
Total background count time 
Standard reflections (percentage 
drop in intensity) 
AuBr2.AP.0Me(A) 
[010] 
12.18 ° 
0 .692tan 0 
0-2 0 scan 
1. 80 + 0.692tan 0 
4° min-l 
10 sec 
crystal 1 
4 0 0 (9.8) 
I 8 o (15.2) 
I 1 9 (11.3) 
crystal 2 
(17.7) 
(20.0) 
( 13 .1) 
AuBr2.AP.0Me(B) 
[011] 
12.18° 
o .692tan 0 
0-2 0 scan 
1.80 + 0 .692tan 0 
4° min-1 
10 sec 
4 0 1 (9.3) 
050(8.1) 
2 0 6 (10.0) 
N 
w 
N 
Table 8.2 (continued) 
Frequency of measuring of 
standard reflections 
Number of reflections measured 
Number of unique reflections 
with I ~ 3o ( I) 
Instrumental "uncertainty factor" 
AuBr2.AP.0Me(A) 
every hour 
4384 
2117 
0.0016 
AuBr2.AP.0Me(B) 
every hour 
5093 
3816 
0.0016 
N 
w 
w 
Table 8.3 
Summary of structure solution and refinement for 
AuBr2{o-(C2H5)2PC6H4CHCH2Br},(AuBr3.S0EP) and AuBr2{o-(C2H5)2PC6H4CHCH 20CH 3}, (AuBr2.SDEP.0Me) 
Method used to solve the structure 
Least-squa res refinement method 
Function minimized 
Anomalous dispersion included for 
Initial weights for refinement 
Final weights for refinement 
Final scattering model 
AuBr3.S0EP 
Patterson hedvy atom 
Full-matrix 
Iw( IF I - IF I ) 2 0 C 
Au,Br,P,C 
w = 1.0 
w = 1/a 2(F) 2 o 
-all non-H anisotropic 
-all H calculated,included, 
not refined 
-secondary extinction correction 
AuBr2.SDEP.0Me 
Patterson heavy atom 
Full-matrix 
LW ( I F I - I F I ) 2 0 C 
Au,Br,P,0,C 
w = 1.0 
w = 1/a/(F
0
) 
- al l non-H anisotropic 
-all H calculated,included, 
not refined N w 
.,:,, 
Table 8.3 (continued) 
AuBr3. SOEP AuBr2 .SDEP .OMe 
--
Secondary extinction parameter, BO 0.00010(1) 
Final R 0.033 0 .034 
Final R 0.048 0.035 
w 
Final S 1.798 1.105 
Ratio of observations variables 2163:155 2023:163 
Ratio of maximum parameter shift 0.02 0.02 
to error in final cycle 
Final difference map: 
- highest peak 1.42 e. A-3 0.95 e. A-3 
- smallest peak 
-1.00 e. A-3 -0.88 e. A-3 
N 
w 
u, 
Table 8.4 
Summary of structure solution and refinement for 
AuBr2{o-(C6H5)2PC6H4CH2CHCH20CH3},[AuBr2 .AP.0Me (A)] and AuBr2{o-(C6H5)2PC6H4CH2CH(0CH 3)cH2}.CHC1 3 ,[Au Br2 .AP. 0Me{B)] 
AuBr2 .AP.0Me(A) 
Method used to solve the structure Patterson heavy atom 
Least-squares refinement method Full-matrix 
Function minimized LW( IF O 1-1 F C I) 2 
Anomalous dispersion included for Au,Br,P,0,C 
Initial weights for refinement w = 1.0 
Final weights for refinement 2 w = 1/cr2 (F 0 ) 
Final scattering model 
-all non-H anisotropic 
-all H calculated, included, 
not refined 
AuBr2 .AP.0Me(B) 
Patterson heavy atom 
Full-matrix 
[w(IF I- IF 1) 2 0 C 
Au,Br,P,0,C,Cl 
w = 1.0 
2 w = l/cr2 (F 0 ) 
-all non-H anisotropic 
-all H calculated, included, 
not refined N 
w 
CTI 
Table 8 .4 (continued) 
Fina 1 R 
Final Rw 
Final S 
Ratio of observations variables 
Ratio of maximum parameter shift 
to error in final cy~le 
Final difference map : 
- highest peak 
- smallest peak 
AuBr2.AP.OMe(A) 
0.045 
0.044 
1.330 
2117:244 
0.03 
-3 1.85 e.A 
-1.22 e .A -3 
AuBr2 .AP.OMe(B) 
0.030 
0.034 
1.084 
3816:280 
0.02 
1.33 e.A-3 
-0.69 e.A-3 
N 
w 
-...J 
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8.6 Results and discussion 
The crystal structures of AuBr3.SDEP, AuBr2.SDEP.0Me, 
AuBr2.AP.0Me(A) and AuBr2.AP.0Me(B) consist of discrete monomeric 
molecules with no unusually short intermolecular contacts. Crystals 
of AuBr2.AP.0Me(B) also contain one solvent molecule (chloroform) per 
molecule of the complex. This agrees well with the formula weight 
derived from density measurement . 
The molecular structures of these complexes are shown in Figure 
8.5(a-d). The vibrational ellipsoids are drawn at 20% probability 
level for non-hydrogen atoms in AuBr3.SDEP, AuBr2.SDEP.0Me and 
AuBr2.AP .0Me(A) and 30% for non - hydrogen atoms in AuBr2.AP.0Me(B) 
while those for the hydrogen atoms are drawn arbitrarily small (radius= 
0. 11 A). The labelling scheme is also shown. Hydrogen atoms are 
numbered according to their bonded carbons. 
Stereoscopic views of the unit cell contents of each of these 
compounds are illustrated in Figure 8.6 (a-d). The vibrational 
ellipsoids are shown at the 20% probability level, except those for 
the hydrogen atoms which are shown arbitrarily small (radius= 0.11 A). 
Final atomic coordinates and thermal parameters are listed in 
Tables 8.5, 8.6, 8. 7 and 8.8; important bond distances and bond 
angles are given in Tables 8.9 and 8. 10. Selected intramolecular non-
bonded distances are given in Table 8. 11 . Some bond lengths of 
AuBr3.soEP and AuBr2.SDEP.0Me along with those of AuBr3. SP
196 are 
shown in the schematic drawings of Figure 8.7. Some bond lengths and 
bond angles of AuBr2.AP.0Me(A) and AuBr3.AP 196 , 197 are shown in 
Figure 8.8. Details of important molecular planes are compiled in 
239 
Tables 8.12 , 8. 13 , 8. 14 and 8.15. Table 8. 16 presents some torsion 
angles . Table 8.17 shows a comparison of some structural parameters 
observed in these complexes and in some other gold(III) complexes . 
The coordination geometr y of the met al atom 
As seen in Figure 8.5, the gold(III) atom in each molecule is 
four -coordinate , bonded to two bromine, one phosphorus and one carbon 
atom . The coordination about the gold atom in all cases is 
essentially square planar. The distortion from planarity of these 
compounds is small, as indicated by the dihedral angles between the 
[Brl, Au, Br2] and [P, Au, CJ planes which are 6.22(7) 0 , l . 5(3) 0 , 
l.6(5) 0 and 6.4(2) 0 for AuBr3.SOEP, AuBr2.SDEP.0Me, AuBr2. AP . OMe(A) 
and AuBr2.AP .OMe(B) respectivel y. 
However, some angles at the gold(III) atom in the five- membered 
metallacycles in AuBr3.SOE P and Au Br2.SDEP .0Me are significantly 
different from 90° . For example, the angles P- Au-Cl in both complexes 
(84.5(3 ) and 84.3(3) 0 for AuBr3.SOEP and AuBr2.SDEP.0Me respectively) 
are considerably smaller than 90° . In contrast, the corresponding 
angles in the six- and seven-membered metallacycles (88 .7( 4) and 91.1(2) 0 
respectively) are close to 90° . This suggests that there is some 
strain in the five-membered chelate ring system . Again, the angles 
Brl-Au-Br2 in AuBr3. SOEP and AuBr2. SDEP .0Me (92 . 99(4) and 94.35(4)
0 
respective ly) are significantly greater than 90° , whereas those in 
AuB r2.AP .0Me(A) and AuBr2. AP .OMe(B) (90 .86(7) and 90 . 79(3)
0 
respecti vely) are close to 90° . Presumably , the larger Br-Au-Br angles 
in AuBr3. soEP and AuBr2. SDEP .0Me are a direct (ster i cally driven) 
co nsequence of the sma ll er li gand bi te angl es in t hese molecules . 
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The two Au-Br distances in each compound are significantly 
different from one another. The Au-Br distance trans to the a-bonded 
carbon atom (Au-Brl) is uniformly longer than that trans to the 
phosphorus atom (Au-Br2) (6 = 0.03-0.06 and 6/a = 38.7, 21.2, 21.4 and 
50.4 for AuBr3.SDEP, AuBr2.SDEP.0Me, AuBr2.AP.0Me(A) and AuBr2.AP.0Me(B) 
respecti vely). This is attributed to the high trans influence of a 
a-bonded carbon atom relative to that of the tertiary phosphine 
ligand 128 . This effect is also observed in AuBr3.AP 19 6 , 19 7 . In 
contrast, and for reasons which are not yet understood the two Au-Br 
bond lengths in AuBr3.SP have been reported to be equal to within 
experimental error 196 . The shorter Au-Br distances (trans to 
phosphorus) in AuBr3.SDEP (2.464(1) A), AuBr2.SDEP.0Me (2.473(1) A), 
AuBr2.AP.0Me(A) (2.453(2) A), AuBr2.AP.0Me(B) (2.4461(7) A) and 
AuBr3.AP (2.460(6) A.) 196 , 197 are each longer than the corresponding 
distances observed in [AuBr4]- (2.404(1) A) 2 1 1 , AuBr3(pq), where 
pq = 2-(2'-pyridyl)quinoline, (2.408(3) A.) 190 , AuBr3(dmp), where 
dmp = 2,9-dimethyl-l ,10-phenanthroline, (2.411(3) A) 18 9 and 
Me2Au( µ-Br) 2AuBr2 (2.402(2) A) 2 12 t . This observation shows the 
coordinated phosphine, also, to have a stronger trans influence than 
halide and N-donor ligands. The same effect is seen also in the 
AuBr3{P(C2H5)3} complex2 1 3 for which the Au-Br bond trans to the 
phosphorus (2.468(1) A) is considerably longer than the two Au-Br 
bonds trans to each other (2.416(1) and 2.407(1) A). 
The Au-P bond distances in AuBr3.SDEP (2.259(2) A), 
AuBr2.SDEP.0Me (2.257(2) A), AuBr2.AP.0Me(A) (2.281(3) A) and 
AuBr2.AP.0Me(B) (2.295(2) A) are comparab le with the corresponding 
t The Au-Br distance reported here is the non-bridging Au-Br distance. 
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distances found in AuBr3.sp (2.260(8) A)l96 , AuBr3.AP (2.29(1) A)l 96 ,197 
and AuCl(C6F5)2PPh3 (2.37(3) A) 214 but are shorter than those 
observed in AuMe3PPh3 (2 . 349(6) A) 215 and in AuBr3{P(C2H5)3} 
(2 . 328(2) A)213_ 
The Au-C bond lengths in AuBr3.S DEP (2 .121( 8) A), AuBr2. SDEP.0Me 
(2.088(9) A), AuBr2.AP.0Me(A) (2 . 11(2) A) and AuBr2.AP.0Me(B) 
(2.080(6) A) are equal to within experimental error and are similar to 
those found for other square planar gold(III) alkyl compounds, as seen 
in Table 8.17. 
The geometries of the chelate ligands 
In both the AuBr3.SDEP and AuBr2.SDEP.0Me complexes, the gold 
atom is attached to the a-carbon atom of the side chain to give a 
five-membered chelate ring. The five-membered chelate ring in 
AuBr3.SDEP is almost planar (see Figure 8.9(a) and Table 8.1 2), the 
dihedral angle between the planes [Au, P, Cl] and [P, Cl, C2, C7] 
being 0.6(6) 0 • In contrast, the metal lacycle in AuBr2.S DEP.0Me is 
markedly non-planar with a dihedral angle of 18.7(7) 0 corresponding to 
a 0.5116(4) f displacement of the gold atom from the [P, Cl, C2, C7] 
plane and away from the oxygen atom (see Figure 8.9(b) and Table 8.13) . 
The marked differences in the chelate ring conformations appear to 
be related to the different ways in which the interligand repulsions 
are minimized, which in turn may be related to different crystal 
packing requirements . In AuBr3. SDEP the angle Cl-Au-Br2 (92 . 6(3) 0 ) is 
opened up to allow the separation between Br2 and the substituent on 
Cl to approach normal van der Waals distances and approximate planarity 
of t he ring i s maintained . The two ethyl groups orient in the same way 
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sp that if the -CH2Br group is neglected the molecule possesses a 
noncrystallographic mirror plane through the chelate ring and the 
phenyl ring (see Figure 8.9(a)). The conformation about the P-C8 and 
P-ClO bonds is gauche (Figure 8.1). 
C9 
C7 
Au 
H82 
(a) 
H81 
ClO 
Au 
C7 
Hl02 
( b) 
Figure 8.1 Conformation about (a) the P-C8 and (b) P-ClO bonds 
in AuBr3.SDEP. 
In AuBr2.SDEP.OMe ligand interactions are relieved by puckering 
of the chelate ring giving rise to an envelope form with the gold 
atom being displaced from the [P, Cl, C2, C7] plane as mentioned 
earlier. However if the methyl group of C8 were to assume a similar 
configuration to that of AuBr3.SDEP the O· ··C9 distance would be 
markedly reduced resulting in a possible net increase of potential 
energy (Q ... cg = 2.29 A). It seems clear that such a situation is 
avoided by the less bul ky methyl group rotating to produce a trans or 
anti configuration about the P-C8 bond with the configuration about 
the P-ClO bond remaining approximately gauche (Figure 8.2). 
It is interesting to note that the compound AuBr3.SP having two 
phenyl groups in place of the ethyl groups of AuBr3.SDEP takes on an 
envelope configuration also 196 . This indicates that the substituents 
on the phosphorus atom are also possibly responsible for differences in 
the conformat ion of the che l ate ring. 
Au 
C9 
(a) 
H81 
ClO 
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Au 
(b) 
Figure 8.2 Conformation about (a) the P- C8 and (b) P-ClO bonds 
in AuBr2.SDEP .OMe . 
The five-membered chelate ri ngs of Mn(C0) 4{o-(C6H5)2Pc6H4CHCH3} 
(structure 1) 2 16 , Ru(C0) 3Br{o-(C6H5)2Pc6H4CHCH3} (structure II) 2 17 
and Pt{OC(CF3)CHC(CF3)0 }{o-(C6H5)2AsC6H4CHCH 20cH3} (structure III) 2 18 
are also of the envelope type, the dihedral angles between [M, P, Cl] 
and [Cl, C2, C3, P] planes being 31.9 , 40 .3 and 9.1 ° respectively . 
( I) (II) 
(I I I) 
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As mentioned before, it was suggested, from the proton NMR 
spectra, that while AuBr3.SP has the five-membered ring system, the 
methoxy product (AuBr2.sP.OMe) has the six-membered ring structure 
(Chart 2, p.209). In contrast, the present X-ray study of AuBr3.SDEP 
and AuBr2.SDEP.OMe shows that both of these complexes have the five-
membered ring structure (Chart 4). It seems very likely, therefore, 
that AuBr2.SP.OMe also possesses the five -membered ring system. 
Recent 13c and 31 P NMR studies of AuBr2{o-R2PC6H4CHCH 20CH3} (R = Ph 
and Me) 209 strongly support this conclusion. 
Chart 4 
Bromination of AuBr.SDEP and methanolysis of the resulting adduct. 
q-~LA,-Br 
CH=CH2 
[Au Br. SDEP] 
Et 2 p Br ex"'/ Au c{ "'Br 
I 
CH2Br 
[AuBr 3 .SDEP] 
MeOH 
(-HBr) 
Et2 
exp"' /Br Au c{ "'Br 
I 
CH2OMe 
[AuBr 2.SDEP.OMe] 
The gold atom in AuBr2.AP.0Me(A) is bound to the s-carbon atom 
of the side chain to form a six-membered metallacycle, while the 
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gold atom in AuBr2.AP.OMe(B) is bound to they-carbon atom of the 
side chain resulting in a seven-membered metallacycle. The conforma-
tions of the chelate rings in AuBr2.AP.0Me(A) and AuBr2.AP.0Me(B) are 
shown in Figure 8 . 10. 
The chelate ring in AuBr2.AP.0Me(A) is seen to adopt a "twist-
boat'' conformation. This is as expected since the presence of an 
aromatic system as part of the chelate ring requires four of the six 
atoms to be coplanar. Scale models show that the conformation adopted 
by the chelate ring minimizes the steric interactions between Brl and 
the two phenyl groups (Cl-C6 and C7-Cl2 rings). The C21-0CH3 
substituent adopts an axial position which, in this case, is sterically 
more favourable than an equatorial position since there are no strong 
interactions either to Br2 or to Cl9 and the hydrogen atoms on Cl9. 
If the C21-0CH3 group were to occupy the C20 equatorial position there 
would be strong interactions with Br2, Cl9 and Hl92 e.g. with the 
C20-C21 direction coincident with the C20-H20 axis one gets 
C2l'···Br2 = 3.161, C2l'·· ·Cl 9 = 2.277 and C2l' ··· Hl92 = 2. 277 A 
(cf. present values C2l· ·· Br2 = 3.56(2), C2l···Cl9 = 2.59(3) and 
C21· ··Hl92 = 2.85(2) A) . The present chelate ring conformation is 
similar to that in AuBr3.AP which also adopts a "twist-boat" conforma-
tion, with the ring substituent (bromomethyl group) occupying an axial 
posit ion. 
As seen in Figure 8. 10, the seven-membered chelate ring in 
AuBr2.AP.0Me(B) adopts a "twist-boat" conformation. 
This conformation 
is expected to be preferred to a "chair" form on grounds of non-bonded 
interactions, as shown from scale models . If the chelate ring adopted 
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a· "chai " conformation there would be strong interactions between Brl 
and one of the phenyl groups (Cl-C6 or C7-Cl2 ring) and also between 
the substituents on Cl9 and C2O since it requires the substituents on 
the Cl9-C2O bond to be eclipsed. 
The oxygen atom on C2O occupies an equatorial position (O-C2O 
is more nearly in the gold coordination plane)and is approximately 
trans to the gold atom about the C2O-C21 bond (Figure 8.3(a)). This 
equatorial position is, therefore, sterically more favourable than 
the axial position. The substituents on Cl9, C2O and C21 are staggered 
relative to the Cl9-C2O and C2O-C21 bonds (see Figure 8.3). 
Au C21 
H2 0 
Hl91 
(a) ( b) 
Figure 8.3 Conformation about (a) the C2O-C21 and (b) Cl9-C2O 
bonds in AuBr2.AP.OMe(B) 
The seven-membered chelate ring system is also observed in some 
complexes containing the ligand DIOP (where DIOP= 2,2-dimethyl-4,5-
bis(diphenylphosphinomethyl)-l ,3-dioxolane, structure IV) but the 
chelate ring in these complexes adopts a "chair" conformation as in 
[Fe(n 5-c5H5)((-)-DIOP)IJ 219, [PdClz((-)-DIOP)J 22 0 and 
[Ptc1 2((-)-DIOP)]2
20 or a "twist-chair" conformation as in 
[NiClz((-)-DIOP)] 22 0 and [Ir(COD)((+)-DIOP)Cl] 221 (where COD is 
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1,5-cyclooctadiene). However, there i s no requirement that some atoms 
in the che 1 ate ring of these comp 1 exes be coplanar. 
H 
ot X PPh2 
O : PPh 2 
I 
I 
H 
IV 
The structure of AuBr2.AP.OMe(A) accords with that proposed by 
Kneen 203 but AuBr2.AP.0Me(B) has a seven- rather than a six-membered 
chelate ring (Chart 5). The two isomers of the ethoxy product of 
AuBr3.AP are also likely to occur as six- and seven-membered ring 
systems. 
Chart 5 
Bromination of AuBr.AP and methanolysis of the resulting adduct. 
P -Au - Br Q-Ph2 
CH2CH=CH2 
[AuBr.AP] 
Ph 2 
C(p"'-. /Br Au 
CH-CH '-...B 2 I r 
Ph 2 
C(p "'-. /Br Au 
H-CH '-.,_Br 21 
CH20Me 
more soluble 
[AuBr2.AP.0Me(A)] 
CH 2Br 
[AuBr3.AP] 
MeOH 
(-HBr) 
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Ring expansion has also been ob se rved in a Ph2PCH 2PPh 2 derivative 
in which a four-membered chelate ring has been expanded to a seven-
membered chelate ring as shown in Chart 6222 . 
Chart 6 
A four- to seven-membered chelate ring expansion 
H Ph 2 N-P 
N/ "" /I W(C0)4 
PhC / 
"-.CH -P 
2 Ph 2 
(Structure determined by 
single crystal X-ray 
diffraction technique) 
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The P-C bond lengths within the chelate rings in AuBr3.SDEP 
(1.797(8) A), AuBr2.SDEP.OMe (1.78(1) A), AuBr2.AP.0Me(A) (1.80(1) A) 
and AuBr2.AP .OMe(B) (1.820(6) A) are in good agreement with the 
average value of 1.828 A observed for free triphenylphosphine 77 . The 
C-C bond lengths in the chelate rings are within experimental error 
of their expected values. However, some angles in the chelate rings 
deviate from their expected values. In the five-membered chelate 
rings, for example, the angles at Au (84.5(3) and 84.3(3) 0 for 
AuBr3.SDEP and AuBr2.SDEP.OMe respectively), at P (104.1(3) and 
103.1(3) 0 ) and at C7 (114.6(6) and 114.2(7) 0 ) are smaller than the 
expected value of 90° , 109°27 1 and 120° respectively, showing that 
some steric strain is present. In the six-membered chelate ring the 
angles at P (114.6(5) 0 ), at C19 (114(1) 0 ) and at C20 (118(1) 0 ) are 
greater than 109°27 1 expected for the tetrahedral geometry . In the 
seven-membered metallacycle the angles at P (114.9(2) 0 ) and Cl9 
(114.2(6) 0 ) are also greater than the expected value of 109°27 1 for 
tetrahedra l geometry. A similar effect is also observed in AuBr3. AP 
for which the angles in the chelate ring at P (112.8° ), at C19 (115° ) 
and at C20 (115 °) are each greater than the expected value of 109°27 11 9 7 . 
Bond angle deformations are generally observed in an alicyclic 
system. Since the energy required to deform bond angles is very small 
compared with that required for changing bond lengths 223 , it follows 
that non-bonding repulsive interactions are most efficiently relieved 
by angular changes rather than by changing bond lengths. 
The geometry around the phosphorus atom in AuBr3.SDEP, 
AuBr2.soEP.OMe, AuBr2.AP.OMe(A) and AuBr2.AP.0Me(B) is approximately 
tetrahedral. The P-C bond lengths in each compound do not differ 
significantly from one another, their average values being 1 .802 (9), 
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1.80(1), 1.80(1) and 1.815(6) A respectively. These values compare 
well with the average value of the P-C distance of 1. 828 A observed in 
triphenylphosphine 7 7 . Bond angles at the phosphorus atoms exhibit 
deformations of up to 8° from regular tetrahedral geometry, primarily 
because the atoms are in a chelate ring. Angles showing significant 
deviations from 109°27' include Au-P-C7 (104.1(3) 0 ) and Au-P-C8 
(117.1(3) 0 ) in AuBr3.SDEP, Au-P-C7 (103.1(3) 0 ) and Au-P-Cl0 (114 . 3(3) 0 ) 
in AuBr2.SDEP.0Me, Au-P-Cl3 (114.6(5) 0 ) and C7-P-Cl3 (105.2(6) 0 ) in 
AuBr2.AP.0Me(A) and Au-P-Cl (113.9(2) 0 ), Au-P-Cl3 (114.9(2) 0 ), 
Cl-P-Cl3 (104.7(3) 0 ) and C7-P-Cl3 (107 . 0(3) 0 ) in AuBr2.AP. 0Me(B). 
The bond lengths and bond angles of the ethyl groups in 
AuBr3.SDEP and in AuBr2.SDEP.0Me and those of the phenyl rings in four 
complexes are normal. All phenyl rings are planar within experimental 
error. 
The Cl2-Br3 distance in AuBr3.SDEP (l.94(1) A) is equal within 
experimental error to the sum of single bond covalent radii, 
1.91 A76 a, 76 h. Similar C-Br bond lengths have been observed in 
AuBr3.SP and AuBr3.AP (l . 98 and 1.97 A respectively) 196 • 197 . 
The C-0 bond lengths and C-0-C bond angles of the methoxy groups 
in AuBr2. SDEP .0Me (l.41(1) A, 1.38(1) A and 113 . 5(9) 0 ), in 
AuBr2.AP.0Me(A) (l.39(2) A, 1.36(2) A and 113(2) 0 ) and in 
AuBr2.AP.0Me(B) (l.385(9) A, 1.43(1) A and 112.2(7) 0 ) are normal. 
The conformation about the Cl-Cl2 bond in both AuBr3.SDEP and 
AuBr2.SDEP.0Me is staggered as shown in Figure 8.4. 
Au Au 
H121 Br3 H121 0 
Hl C2 Hl C2 
H122 H122 
(a) ( b) 
Figure 8.4 Conformation about the Cl-C12 bond (a) in 
AuBr3.SDEP and (b) in AuBr2.SDEP.OMe 
The C-Cl bond lengths of the chloroform molecule in 
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AuBr2.AP.OMe(B) crystal are similar (l.749(8), 1.751(7) and l .738(8) A) . 
These values are in excellent agreement with the sum of covalent radii 
of carbon and chlorine atoms (l.76 A) 76 b, 76 h. The Cl-C-Cl bond 
angles are also equal to the regular tetrahedral value . 
It is not clear why ring expansion does not take place when 
AuBr3.SP and AuBr3.SDEP, which contain five-membered rings, are heated 
with alcohols, whereas ring expansion does occur in the corresponding 
alcoholysis of AuBr3.AP, which contains a six-membered ring. This is 
particularly surprising as seven-membered chelate rings are usually 
regarded as being less stable than six-membered rings, and these in 
turn are less stable than five-membered ring. It is also puzzling why 
alcoholysis of the octahedral platinum (IV) complex PtBr4(SA) 2 should 
give a product containing a six-membered chelate ring, in contrast 
with the results for AuBr3.SP and AuBr3.SDEP. 
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There are several possible mechanisms which can be imagined to 
account for the products of the alcoholysis of the C-Br bond in the 
gold( III) bromo complexes AuBr3.SDEP, AuBr3.SP and AuBr3.AP. These 
include classical unimolecular (SNl) and bimolecular (SN2) mechanisms, 
as discussed by Kneen 203 and Hoskins 2 1 0 . However there is still very 
considerable doubt as to which are the important mechanisms in these 
reactions and what are the factors that control the size of the 
chelate ring. 
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Br1 
~ Au 
Figure 8.5 (a) 
The molecular structure of AuBr2{o-(C2H5)2PC6H4CHCH2Br}. 
254 
Br2 
Figure 8.5(b) 
The molecular structure of AuBr2{o-(C2H5)2Pc6H4CHCH2ocH 3}. 
255 
Br2 
Figure 8.5(c) 
The molecular structure of AuBr2{o-(C6H5)2Pc6H4CH 2CHCH20CH3}. 
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Cll Cl2 
Figure 8. 5(d) 
Figure 8.6(a) 
A stereoscopic view of the unit cell of AuBr2{o-(C2H5)2PC6H4CHCH 2Br }. 
N 
u, 
-...J 
Figure 8.6(b) 
A stereoscopic view of the unit cell of AuBr2{o-{C2H5)2Pc6H4CHCH2ocH 3}. 
N 
(.11 
00 
Figure 8. 6 ( c) 
A stereoscopic view of the unit cell of AuBr2{o-(C6H5)2PC6H4cH2CHCH20CH 3}. 
N 
u, 
I.O 
Figure 8.6(d) 
A stereoscopic view of the unit cell of AuBr2{o-(c6H5)2Pc6H4cH2CH(OCH3)cH2}.CHC1 3. 
N 
0) 
0 
(a) 
(b) 
=:::::::--. 
p i.19 Br 
v'q ~ fa 
/ '" A, Au:;_, 
1
·".1 CH "'. Br 
/ 1. 56 
CH ~ Br 2 
( C) 
Figure 8 .7 
Some bond lengths (A) of (a) Au Br2{o-(C2H5)2PC6H4CHCH2Br} 
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(b) AuBr2{o-(C2H5)2Pc6H4CHCH20CH 3} and (c) AuBr2{o-(C6H5)2PC6H4CHCH2Br }. 
1.81 (1) 1.80( 1) 
(a) 
II 
1. 76 1. 79 p 
"'112.~29 /Br 
~1.3>(-2.Sl 
I A \ 90.3 U 90.5 
I 
'87 9'" 
;::115';\ /4 115:--. · ~2.46 
CH21.46CH '\,' Br 
/ 1. 54 
CH2~Br 
(b) 
Figure 8.8 
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Some bond lengths (A) and bond angles ( 0 ) of (a) AuBr2{o-(C6H5)2PC6H4CH2CHCH20CH3} 
and (bl AuBr2{o-(C6H5)2PC6H4CH2CHCH2Br }. 
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2 
(b) 
Figure 8.9 
Conformation of chelate ring in (a) AuBr2{o-(C2H5)2Pc6H4CHCH 2Br } 
and (b) AuBr2{o-(C2H5)2PC6H4CHCH20CH 3}. 
C2~(~ A 
/'-\~ Cf \ C19 
\\ ' O==J\\ 
Au 0 
1 
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C14 
(a ) 
Figure 8.10 
Conformation of the chelate ring in (a) AuBr2{o-(C6H5)2PC6H4cH2CHCH 20CH3} 
and (b) AuBr 2{o-(C6H5)2PC6H4CH2CH(OCH 3)CH2}.CHC1 3. 
Table 8.5 
Atomic coordinates and the rma l parameters for AuBr2{o-(c2H5)2Pc6H4CHCH 2Br } 
Atom x/a y/b z/c B11 622 633 6 12 6 13 623 
Au -0.36890(3) 
-0.39363(2) -0.68689(2) 0.00685(6) 0.00461(3) 0.00514(3) 0.00014(2) 0.00030(2) 0.00058(1) 
Brl -0.3647(1) 
-0.2423(1) -0.5669(1) 0.0125(1) 0. 0077( 1) 0.0065(1) -0.0012(1) 0.0003(1) -0.0016(1) 
Br2 -0 .1111 ( 1) 
-0.4226(1) -0.6588 (1) 0.0076(1) 0 .0080 ( 1) 0.0124(1) 0.0004(1) 0.0003(1) 0.0016(1) 
Br3 -0.4514(1) 
- 0.6734(1) -0.6425(1) 0.0165(2) 0.0067(1) 0.0070(1) 0.0003(1) 0 .0004( 1) 0.0011(1) 
p 
-0.6006(2) -0.3613(2) 
-0.7307(2) 0.0071(3) 0.0049(1) 0.0062(1) 0.0005(2) -0.0003(1) 0.0000(1) 
Cl -0. 3942(10) 
-0.5188(7) 
-0.7904(6) 0.0141(13) 0.0055(6) 0.0049(4) 0.0016(7) 0.0009(6) -0.0010( 4) 
C2 -0.5389(10) 
-0.5270(6) -0.8436(6) 0.0135(13) 0.0048(5) 0.0053(5) 0 .0009 (7) 0 .0017 (7) 0.0007(4) 
C3 -0 .5677(14) 
-0.6006(7) -0.9171(7) 0.024(2) 0.0062(7) 0.0054(5) -0.0004(9) 0.0007(9) -0. 0011 ( 5) 
C4 -0.6942(15) 
-0.6099(7) -0.9672(7) 0.022(2) 0 .0064 ( 7) 0.0056(5) -0.0027(9) -0.0008(9) -0. 0001 (5) 
C5 -0.8045(14) -0.5442(9) 
-0.9433(8) 0.0192(19) 0.0084(9) 0.0088(7) -0.0048(11) -0.0066(10) 0.0014(6) 
C6 -0.7815(11) 
-0.4730(7) 
-0. 8690(8) 0.0109(13) 0.0057(6) 0.0096(7) 0 .0008( 7) -0.0009(8) 0.0004(5) 
C7 -0.6501(9) 
-0.4623(6) -0.8198(5) 0.0112(12) 0.0047(5) 0.0056(5) -0.0016(6) -0.0022(6) 0.0005(4) 
C8 -0.7184(10) 
-0.3635(8) 
-0.6368(7) 0.0076(12) 0.0088(7) 0.0083(6) 0.0004(8) 0.0021(7) -0.0008(6) 
C9 -0.7220(12) 
-0.4667(8) -0 .5824 ( 7) 0.0134(15) 0.0084(8) 0 .0082 ( 7) 0.0001(9) 0.0020(8) 0.0008(6) 
Cl0 -0.6203(10) 
-0.2313(7) 
-0. 7886 ( 7) 0.0102(13) 0.0059(6) 0.0084(6) 0.0013(7) -0.0011(7) -0 .0001( 5) 
Cll -0.5352(12) 
-0.21 98(8) 
-0.8745(7) 0.0161(16) 0 .0067 ( 7) 0.0066(6) -0.0013( 8) -0.0024(8) 0.0014(5) 
C12 -0.3433(11) 
-0.6242(7) 
-0.7453(7) 0.0149(15) 0.0060(6) 0.0065(6) 0.0024(8) 0.0014(7) 0.0001(4) 
N 
°' c.n 
Table 8.5 (continued) 
Atom x/a y/b 
Hl 
- 0 .336 
-0.500 
H3 
-0.494 
-0.647 
H4 
-0.709 
-0. 660 
H5 
-0.895 
-0 . 549 
H6 
-0.858 
-0.430 
H81 
-0.690 
-0.308 
H82 
-0. 812 
-0.349 
H91 
-0.752 
-0.523 
H92 
-0.787 
-0.461 
H93 
-0.630 
-0.482 
Hl0l 
-0.590 
-0.178 
Hl02 
-0.718 
-0.221 
Hlll 
-0.437 
-0.217 
Hll2 
-0.553 
-0.280 
Hll3 
-0.562 
-0.156 
Hl21 
-0.247 
-0.616 
Hl22 
-0.349 
-0.677 
z/c 
-0.840 
-0.933 
-0 .102 
-0.979 
-0.851 
-0.592 
-0.665 
-0.626 
-0.535 
-0.552 
-0.743 
-0.810 
-0.853 
-0.916 
-0.908 
-0. 720 
-0.794 
B ( A2) 
4.4 
6.0 
5.9 
7.2 
5.5 
5.3 
5.3 
5.9 
5.9 
5.9 
5.1 
5.1 
5.6 
5.6 
5.6 
5.1 
5. 1 
N 
a-, 
a-, 
Table 8.6 
Atomic coordinates and thermal parameters for AuBr2{o-(C2H5)2PC6H4CHCH 20CH 3} 
Atom x/a y/b z/c 1311 1322 133 3 13 1 2 1313 1323 
Au 0.02101(4) 0.67957(2) 0.27862(3) 0.00946(6) 0.00244(1) 0.00419(3) -0.00047(3) 0.00065(3) 0.00025(2) 
Brl 0.0735(2) 0.8121(1) 0.3683(1) 0.0228(2) 0. 0028 ( 1) 0.0071(1) -0.0022(1) 0.0004(1) -0.0006(1) 
Br2 0.3063(1) 0.6240(1) 0 . 3892(1) 0.0115(2) 0.0048(1) 0.0077(1) 0.0003(1) -0 .0009 (1) 0.0015(1) 
p 
-0.2435(3) 0. 7197(2) 0.1691(2) 0.0096(4) 0.0024(1) 0.0043(2) 0.0005(2) 0.0014(2) 0 .0000 ( 1) 
0 -0.2335(9) 0. 5425(4) 0.3029(6) 0.0199(16) 0.0028(3) 0.0077(6) 0.0003(6) 0.0036(8) 0.0009(4) 
Cl -0.0459(12) 0.5717(5) 0.1986(9) 0.0108(19) 0.0021(4) 0.0082(10) 0 .0009 ( 7) -0.0001(11) -0.0008(5) 
C2 -0.1886(12) 0.5800(6) 0.0913(8) 0.0127(18) 0.0027(4) 0 .0047 ( 7) -0 .0003 ( 7) 0.0032(10) 0.0001(5) 
C3 -0.2173(1 3) 0.5182(7) 0.0163(9) 0.0160(21) 0.0034(5) 0.0076(9) 0.0003(8) 0.0039(12) 0.0003(6) 
C4 -0.3543(16) 0.5229(7) -0.0801(8) 0.0266(28) 0.0035(5) 0.0055(8) -0.0031(10) 0.0041(13) -0.0010(6) 
C5 -0.4636(14) 0.5897(7) -j).1010(8) 0.0205(24) 0.0040(5) 0.0040(7) -0.0036(9) -0.0010 ( 11 ) 0.0000(5) 
C6 -0.4363(12) 0.6498(6) -0 .0278(8) 0.0102(17) 0.0037(5) 0.0053(8) -0.0005(7) -0.0002(10) -0.0003(5) 
C7 -0.2986(12) 0.6453(6) 0. 0684 ( 7) 0.0144(19) 0.0028(4) 0.0036(7) -0.0007 (7) 0.0002(10) 0.0004(4) 
C8 -0.4045(12) 0.7271(6) 0.2389(8) 0.0145(20) 0.0033(5) 0.0062(8) 0.0010(7) 0.0049(11) 0.0004(5) 
C9 -0.5902(13) 0.7471(8) 0.1675(9) 0.0157 ( 21) 0.0065(7) 0.0087(10) 0 .0044( 11) 0.0058(13) 0.0018(7) 
ClO -0.2391(13) 0.8130(6) 0.1041(8) 0.0150(20) 0.0032(5) 0.0051(7) 0.0003(8) 0.0001(10) -0.0002(5) 
Cll -0.0936(17) 0.8179(7) 0.0525(10) 0.0289(29) 0.0038(5) 0.0091(11) -0.0007(11) 0.0090(15) 0.0012(7) 
Cl2 -0.0902(14) 0.5136(6) 0.2732(8) 0.0205(23) 0.0021(4) 0.0050(7) -0.0001(8) 0.0016(11) 0.0005(5) 
C13 -0.2770(16) 0.4952(7) 0.3763(9) 0.0273(29) 0.0043(6) 0.0055(8) -0.0008(10) 0.0032(13) 0.0002(6) 
N 
m 
---.J 
Table 8 .6 (continued) 
Atom x/a y/b z/c B ( A2) 
H3 -0 . 143 0.473 0.031 4.4 
H4 -0.373 0 .481 
-0.131 4.9 
HS -0 . 558 0.593 
-0.167 4.7 
H6 
-0 . 511 0.695 
-0.043 3.9 
Hl 0.052 0.552 0 . 180 4.0 
H81 -0 . 367 0.767 0.292 3.8 
H82 -0 .409 0.678 0.273 3.8 
Hl0l 
-0.222 0.854 0.156 4.0 
Hl02 -0 . 349 0.820 0.050 4.0 
Hl21 0.009 0.507 0.336 3.9 
Hl22 
-0.121 0.464 0.238 3.9 
H91 
-0.667 0.750 0.210 5.8 
H92 
-0 . 589 0 . 797 0.133 5.8 
H93 
-0 .630 0.707 0.114 5.8 
Hlll 0 .010 0.838 0.103 5.7 
H112 -0.071 0.767 0.030 5.7 
Hl13 
-0 . 129 0.852 
-0.008 5.7 
Hl31 
-0.345 0.452 0.340 5.4 
Hl32 
-0.173 0.476 0.428 5.4 
Hl33 
-0.344 0. 525 0.411 5.4 
N 
CJ) 
(X) 
Table 8.7 
Atomic coordinates and thermal parameters for AuBr2{o-(C6H5)2Pc6H4CH 2CHCH20CH 3} 
Atom x/a y/b z/c 1311 1322 1333 13 12 1313 1323 
Au 0. 12341(7) 0.16042(4) 0.19394(3) 0.01141(8) 0.00454(3) 0.00249(2) 0.00177 ( 5) 0.00122(3) 0.00020(3) 
Brl -0.1323(2) 0.0934(1) 0.1799(1) 0.0167(3) 0.0066(1) 0.0055(1) -0.0003(1) 0.0041(1) 0 . 0012 (1) 
Br2 0.2300(2) 0.0736(1) 0.3214(1) 0.0253(4) 0.0070(1) 0.0035(1) 0.0040(2) 0 .0006 ( 1) 0.0013(1) 
p 0.0307(4) 0.2424(2) 0.0753(2) 0.0090(5) 0.0039(2) 0.0027(2) 0.0005(3) 0.0014(2) 0.0000(1) 
Cl -0.0665(14) 0.3290(8) 0.1105(8) 0.011(2) 0.0027 (7) 0.0036(6) 0.0004(9) 0.0012(9) 0.0009(6) 
C2 -0 . 1318(17) 0.3246(9) 0.1839(8) 0.016(2) 0.0049(9) 0.0030(6) 0.0020(12) 0 .0022 ( 10) 0 .0011 ( 6) 
C3 -0. 2068 ( 17) 0.3904(11) 0.2073(10) 0.015(3) 0.0056(9) 0.0044(8) 0.0032(13) 0.0030(12) -0.0010(7) 
C4 -0.2207(19) 0 .4611 (10) 0.1609(12) 0.020(3) 0.0039(8) 0 .0074 ( 11) 0.0013(14) 0.0040(16) -0.0024(8) 
C5 -0.161(2) 0.4671(11) 0.0866(12) 0.026(4) 0.0046(9) 0.0075(11) 0 .0013(15) 0.0059(17) 0.0016(9) 
C6 -0.0832(19) 0.4001(10) 0.0630(11) 0.020(3) 0.0039(8) 0.0068(10) 0.0016(13) 0.0069(15) -0.0006(8) 
C7 -0.0996(14) 0.1868(7) -0.0098(8) 0.010(2) 0.0026(6) 0.0024(6) 0.0002(8) 0.0017(9) 0.0000(5) 
C8 -0.0484(16) 0.1152(9) -0.0434(9) 0.013(3) 0.0050(8) 0.0045(8) 0.0006(12) 0.0012(11) -0.0013(7) 
C9 -0.145(2) 0.0747(10) -0.1102(10) 0.022(3) 0.0045(8) 0.0046(8) -0.0008(14) 0.0010(14) -0 .0019(7) 
ClO -0.2891(19) 0.1026(11) -0.1418(10) 0.017(3) 0.0053(9) 0.0041(8) -0.0022(14) -0.0007(13) 0.0002(7) 
Cll -0 . 3392(16) 0.1725(10) -0.1074(10) 0.011(2) 0.0047(9) 0.0050(8) 0.0002(12) -0.0006(11) 0.0010(7) 
Cl2 -0. 2440(16) 0.2152(9) -0.0420(9) 0.011(2) 0.0048(8) 0.0041(7) 0 .0004 ( 11) 0.0013(11) -0.0005(7) 
Cl3 0.1727(15) 0.2837(9) 0.0223(8) 0.012(2) 0.0044(7) 0.0028(6) 0 .0020( 11) 0.0022(10) 0.0002(6) 
Cl4 0.1516(15) 0.2869(9) 
-0.0676(9) 0.011(2) 0 .0035 ( 7) 0.0049(8) 0.0015(10) 0.0011( 11) 0.0007(6) 
Cl5 0. 2643(19) 0.3166(11) -0 .1081(10) 0.016(3) 0 .0071 ( 11) 0 .0042(8) 0.0007(14) 0.0031(12) 0.0007 ( 7) 
C16 0 . 394(2) 0.3442(11) -0.0569(13) 0.018(3) 0.0046(8) 0.0088(12) 0.0015(15) 0.0071(16) 0.0013(10) 
C17 0.4189(17) 0. 3426(12) 0.0343(12) 0.012(2) 0.0062(9) 0.0077(11) -0.0010(15) 0.0027(14) -0.0009(10) N 
0-, 
ID 
Table 8.7 (continued) 
Atom x/ a y/b z/c 1311 1322 13 3 3 13 12 1313 132 3 
C18 0. 3092 ( 17) 0.3118(10) 0.0749(10) 0.012(2) 0.0061(10) 0 .0041( 8) 0.0014(12) 0.0021(12) -0.0005(7) C19 0.3355(17) 0.3063(11) 0.1724(10) 0.013(3) 0 .0068 ( 10) 0.0046(8) 
-0.0043(13) 0.0019(12) -0.0013(8) C20 0.3353(17) 0.2200(11) 0.2067(10) 0.013(3) 0.0068(10) 0.0049(9) 
-0.0009(14) -0.0009(12) 0.0001(8) C21 0.435(2) 0.1567(13) 0.1701(12) 0.016(3) 0.0095 (1 2) 0 .0069 ( 11) 0.0072(18) 0.0018(14) 0.0010(11) C22 0.440(3) 0.0815(15) 0.0463(16) 0.027(5) 0.010(2) 0.016(2) 0.002(2) 0.014(3) 
-0.002(2) 0 0.3530(14) 0.1276(8) 0.0899( 8 ) 0.021(2) 0.0089(8) 0.0064(7) 0.0050(11) 0.0032(11) -0.0007(6) 
Atom x/a y/b z/c B (A2) Atom x/a y/b z/c B ( A2 l 
H2 -0.123 0.275 0.218 4.6 H15 0.250 0.317 -0.170 5.8 H3 
-0.251 0.387 0.257 5.3 Hl6 0.471 0.366 -0.084 6.4 H4 
-0.271 0.507 0.179 6.2 H17 0.512 0.363 0.069 6.3 H5 
-0.174 0.516 0.052 7.0 Hl91 0.258 0.337 0.191 5.7 H6 -0.040 0.404 0.012 5.7 Hl92 0.431 0.331 0.197 5.7 HS 0.051 0.095 
-0.021 5.0 H20 0.376 0.233 0.267 6.0 H9 -0 .111 0.026 
-0.135 5.9 H211 0.461 0.112 0.210 7.9 Hl0 
-0.355 0.074 
-0 .188 5.6 H212 0.526 0.183 0.162 7.9 Hll -0.440 0.191 
-0.129 4.9 H221 0.392 0.079 -0.014 11.4 Hl2 -0.278 0.264 
-0.019 4.5 H222 0.537 0.106 0.053 11.4 N H14 0.058 0. 070 11.4 --..J 0.269 -0.103 4.2 H223 0.450 0.027 0 
Table 8. 8 
Atomic coordinates and thermal parame ters for AuBr2{o-(C6H5)2PC6H4CH2CH(OCH 3)cH 2}.cHC1 3 
Atom x/a y/b z/c 811 822 833 8 12 813 823 
Au 0.09445(3) 0.29316(3) 0.26234(2) 0.00571(3) 0.00766(3) O .00431( 2) 0.00123(2) 0.00161(2) 0.00160(2) 
Brl 0.03065(8) 0.50921(7) 0.27825(7) 0.01404(11) 0.00757(9) 0.00922(7) 0.00279(8) 0.00449(7) 0.00211(6) 
Br2 0.34670(7) 0.42692(9) 0.36656(7) 0.00661(8) 0.01570(12) 0.00871(7) -0.00072(8) 0.00170(6) 0 .00115 ( 7) 
p 
-0.1422(2) 0.1639(2) 0.1701(1) 0.0062(2) 0.0064(2) 0.0045(1) 0.0019( 1) 0.0018(1) 0.0014(1) 
Cl -0.2503(6) 0.1715(6) 0.2544(5) 0.0069(7) 0 .0068( 7) 0.0031(4) 0.0013(6) 0. 0011 ( 4) -0 .0001( 4) 
C2 -0.2089(7) 0.2768(7) 0.3496(5) 0.0086(8) 0.0088(8) 0.0050(5) 0.0024(6) 0.0022(5) 0.0014(5) 
C3 -0.2979(8) 0.2785(8) 0.4071(6) 0.0146(11) 0.0114(10) 0.0064(6) 0.0055(9) 0.0048(7) 0.0020(6) 
C4 -0.4263(8) 0.1785(9) 0.3712(7) 0.0125(10) 0.0141(11) 0.0079(7) 0.0070(9) 0 .0060(7) 0 .0047 ( 7) 
C5 -0 .4686 ( 7) 0.0714(8) 0.2773(7) 0.007 5(8) 0.0133(11) 0.0093(7) 0.0034(8) 0.0037(6) 0.0055 (7) 
C6 -0. 3801 ( 7) 0.0671(7) 0.2181(6) 0.0076(8) 0 .0101( 9) 0.0061(5) 0.0022(7) 0.0025(5) 0.0009(6) 
C7 -0.2109(6) 0.2281(6) 0.0568(5) O .0081( 7) 0.0066(7) 0.0045(5) 0.0014(6) 0.0015(5) 0.0014(5) 
C8 -0.1272(7) 0.2594(8) -0.0034(6) 0.0116(9) 0.0130(10) 0.0058(6) 0.0056(8) 0.0035(6) 0.0040(6) 
C9 -0.1764(8) 0.3096(8) -0.0905(6) 0 .0142( 11) 0.0144(11) 0 .0051( 6) 0.0038(9) 0 .0035( 7) 0.0038(7) 
ClO -0.3026(9) 0.3339(8) -0.1155(6) 0.0148(11) 0.0095(9) 0.0056(6) 0.0040(8) 0.0012(7) 0.0032(6) 
Cll -0.3866(8) 0.3025(8) -0.0562(6) 0.0116(10) 0.0111(10) 0.0071(6) 0.0048(8) 0.0003(7) 0.0025(7) 
C12 -0 .3411 ( 7) 0.2510(7) 0.0314(6) 0.0075( 8) 0.00?6(8) 0.0074(6) 0. 0033(6) 0.0024( 6) 0.0028( 6) 
C13 -0.1767(6) -0.0194(6) 0.1128(5) 0.0079(7) 0.0067(7) 0.0060(5) 0.0016(6) 0.0043(5) 0.0016(5) 
C14 -0.2599(7) -0 .0830( 7) 0.0021(6) 0.0101(9) 0.0095(9) 0.0068(6) 0 .0013( 7) 0.0041(6) 0.0006(6) 
C15 -0.2884(9) -0.2237(8) -0.0399(7) 0.0153(12) 0.0102(11) 0.0087(8) -0.0021(9) 0.0072(8) -0.002 3(7) 
C16 -0.2374(10) -0.2978(8) 0.0269(10) 0.0200(15) 0.0066(9) 0.0160(12) 0 .0026 (10) 0.0123(12) 0.0021( 9) 
C17 -0.1534(9) -0.2330(9) 0.137 5(9 ) 0.0169(1 3) 0. 0096( 10) 0.0138(10) 0.0056(9) 0.0097(10) 0.005 1(9) 
N 
C18 -0.1214(7) -0.0932(7) 0.1815(6) 0.0092(8) 0.0082(8) 0 .0086 ( 7) 0.0039(7) 0.0057( 6) 0.0035(6) --.J ,_. 
Table 8.8 (continued) 
Atom x/a y/b z/c S 11 S22 S33 S12 S13 S23 
C19 -0.0240(8) -0.0251(8) 0.2988(7) 0.0134(10) 0.0127(10) 0 .0086 ( 7) 0.0063(9) 0 .0062 ( 7) 0.0074(7) C20 0.1351(9) 0.0375(8) 0.3155(7) 0.0154(12) 0.0128(11) 0.0111(8) 0.0079(9) 0.0084(8) 0.0065(8) C21 0.1541(7) 0.1179(7) 0.2353(6) 0.0073(8) 0.0093 (9) 0.0083(6) 0 .0040 ( 7) 0.0041(6) 0.0034(6) C22 0.2466(10) -0.1086(11) 0.3898(9) 0.0173(14) 0.0195(16) 0.0149(11) 0.0087(12) 0.0026(10) 0 .0120( 11) 0 0.1927(6) 
-0.0661(7) 0.2948(5) 0.0175(9) 0.0189(10) 0.0115(6) 0.0100(8) 0.0052(6) 0.0062(6) C23 0.6822(8) 0.6392(8) 0.3690(6) 0.0106(9) 0.0149(11) 0.0066(6) 0.0037(8) 0.0032(6) 0.0034(7) Cll 0.6341(2) 0.5270(2) 0.2381(2) 0.0174(3) 0 .0141( 3) 0.0080(2) 0.0029(2) 0.0033(2) 0.0012(2) CL2 0.8652(2) 0.6841(2) 0.4442(2) 0.0116(3) 0.0185(3) 0.0083(2) 0.0051(2) 0.0029(2) 0.0038(2) CL3 0.6378(3) 0.7866(3) 0.3578(2) 0.0224(4) 0.0199(4) 0.0123(3) 0.0126(4) -0.0009(3) 0 .0001( 3) 
Atom x/a y/b z/c B ( A2) Atom x/a y/b z/c B (.ll. 2) 
H2 
-0 .119 0.348 0.375 3.5 Hl6 -0.260 
-0.394 
-0.002 6.5 H3 
-0.269 0.351 0.473 4.7 H17 -0 .118 
-0.285 0.183 5.8 H4 
-0.487 0.182 0.411 4.6 H191 -0.031 -0.092 0.338 4.6 HS 
-0.558 0.001 0.253 4.6 H192 -0.054 0.047 0.328 4.6 H6 
-0.408 
-0.007 0.153 3.9 H20 0.181 0.096 0.389 5.2 H8 
-0.037 0.247 0.015 4.2 H211 0.097 0.060 0.163 3.7 H9 
-0.121 0.327 
-0.134 4.9 H212 0.252 0.145 0.243 3.7 Hl0 
-0.333 0.372 
-0.174 4.6 H221 0.334 
-0.124 0.393 7.8 Hll 
-0. 4 77 0.316 
-0.075 4.9 H222 0.263 
-0.039 0.454 7.8 Hl2 
-0.398 0.232 0. 073 3.7 H223 0.179 
-0.191 0.385 7. 8 H14 
-0.296 
-0.032 
-0.044 4.3 H23 0.631 0. 594 0.407 4.9 N --.J H15 
-0.344 N -0.269 
-0 .116 5.8 
Table 8.9 
Important bond lengths and bond angles 
for AuBr2{o-(C2H5)2PC6H4CHCH 2Br }, (AuBr3.SDEP) 
and AuBr2 {0-(C2H5)2PC5H4CHCH20CH3 }, (AuBr2.SDEP.0Me) 
(a) Bond lengths ( $.) 
AuBr3 .SDEP AuBr2.SDEP.0Me 
Au-Brl 2.5160(9) 2.503(1) 
Au-Br2 2.464(1) 2.473(1) 
Au-P 2.259(2) 2.257(2) 
Au-Cl 2.121(8) 2.088(9) 
P-C7 1.797(8) 1. 78 ( 1) 
P-C8 1.80 ( 1) 1.80( 1) 
P-Cl0 1.810(9) 1. 80 ( 1) 
Cl-C2 1.50(1) 1.52(1) 
Cl-Cl2 1.51( 1) 1. 50 ( 1) 
C2-C3 1. 38 ( 1) 1. 40( 1) 
C2-C7 1. 39 ( 1) 1. 38 ( 1) 
C3-C4 1.33(2) 1. 39 ( 1) 
C4-C5 1. 39 ( 2) 1.40(2) 
C5-C6 1. 36 ( 2) 1.37 ( 1) 
C6-C7 1. 37 ( 1) 1.39( 1) 
C8-C9 1.49( 1) 1.52( 1) 
Cl0-Cll 1.51(1) 1.52(1) 
Cl2-Br3 1. 94 ( 1) 
0-Cl2 1.41(1) 
0-Cl3 1. 38 ( 1) 
27 3 
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Table 8.9 (continued) 
(b) Bond angles ( 0) 
AuBr3.SDEP AuBr2.SDEP.0Me 
Brl-Au-Br2 92.99(4) 94.35(4) 
Brl--Au-P 89.93(6) 90. 93 ( 7) 
Brl-Au-Cl 174.4(3) 175.0(2) 
Br2-Au-P 173.16(6) 174.71(7) 
Br2-Au-Cl 92.6(3) 90.4(2) 
P-Au-Cl 84.5(3) 84.3(3) 
Au-P-C7 104.1(3) 103 .1(3) 
Au-P-C8 117.1(3) 111.9(3) 
Au-P-ClO 109.6(3) 114.3(3) 
C7-P-C8 110.6(4) 112.1(5) 
C7-P-C10 108.1(4) 107.8(4) 
C8-P-C10 107.0(5) 107.6(5) 
Au-Cl-C2 115.1(6) 112.6(6) 
Au-Cl-C12 110.2(6) 108.6(7) 
C2-Cl-C12 112.7( 8) 113.7(8) 
Cl-C2-C3 121.2(9) 119.5(9) 
Cl-C2-C7 121.4(7) 121.3(9) 
C3-C2-C7 117 .4(9) 119.2(9) 
C2-C3-C4 123(1) 120(1) 
C3-C4-C5 118.8 (9) 119( 1) 
C4-C5-C6 120(1) 120.6(9) 
C5-C6-C7 121(1) 120(1) 
C6-C7-C2 119.9( 8) 120.6(9) 
P-C7-C6 125.3(7) 125.2( 8) 
P-C7-C2 114.6(6) 114.2(7) 
P-C8-C9 115.3(7) 114.6(7) 
P-Cl0-Cll 113.3(6) 112.9(8) 
Cl-Cl2-Br3 114.2(6) 
Cl-Cl2-0 109.3(8) 
C12-0-C13 113 .5(9) 
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Table 8.10 
Important bond lengths and bond angles 
for AuBr2{o-(C6H5)2PC6H4CH2CHCH 20CH 3}, [AuBr2.AP.0Me(A)] and 
AuBr2{o-(C6H5)2PC6H4CH 2CH(0CH 3)cH2}.CHC1 3, [AuBr2.AP.0Me(B)] 
(a) Bond lengths (A) 
AuBr2.AP.0Me(A) AuBr2 .AP . 0Me(B) 
Au-Brl 2.513(2) 2. 4995(8) 
Au-Br2 2.453(2) 2 .4461 ( 7) 
Au-P 2.281(3) 2.295(2) 
Au-C20 2.11(2) 
Au-C21 2.080(6) 
P-Cl 1.80 ( 1) 1.824(6) 
P-C7 1. 81 ( 1) 1. 800 ( 6) 
P-C13 1.80 ( 1) 1.820(6) 
Cl-C2 1. 39 ( 2) 1.378(9) 
C2-C3 1.35(2) 1.374(9) 
C3-C4 1. 35 ( 2) 1. 35 ( 1) 
C4-C5 1.38(2) 1.38( 1) 
C5-C6 1. 39 ( 2) 1. 390( 9) 
C6-Cl 1. 36 ( 2) 1. 386 ( 8) 
C7-C8 1. 39 ( 2) 1.380(9) 
C8-C9 1.37(2) 1. 38( 1) 
C9-Cl0 1.36(2) 1.35 ( 1) 
ClO-Cll 1.37(2) 1. 37 ( 1) 
Cll-Cl2 1. 37 ( 2) 1. 39 ( 1) 
C12-C7 1.37(2) 1.387(8 ) 
C13-C14 1.37(2) 1. 389 ( 9) 
C14-Cl5 1.39(2) 1.39( 1) 
C15-C16 1.34(2 ) 1.37(1) 
Cl6-Cl7 1. 39 ( 2) 1. 39 ( 1) 
C17-Cl8 1. 38 ( 2) 1. 38 ( 1) 
C18-C13 1.40 ( 2) 1. 396 (9) 
276 
Table 8 .10 (continued) 
AuBr2 .AP.0Me(A) AuBr2 .AP.0Me(B) 
C18-C19 1.49 ( 2) 1.49( 1) 
C19-C20 1. 50 ( 2) 1.55(1) 
C20-C21 1. 55 ( 2) 1. 52 ( 1) 
C21-0 1. 39 ( 2) 
C20-0 1. 385 ( 9) 
0-C22 1.36 ( 2) 1. 43 ( 1) 
C23-Cll 1.749(8) 
C23-Cl2 1.751(7) 
C23-Cl3 1.738(8) 
(b) Bond angles ( 0 ) 
AuBr2 .AP. 0Me(A) AuBr2 .AP.0Me(B) 
Brl-Au-Br2 90 .86 (7) 90.79(3) 
Brl -Au-P 90.7(1) 90.19(4) 
Brl-Au-C20 178.3(5) 
Br2-Au-P 178.5(1) 177.72(5) 
Br2-Au-C20 89.8(4) 
P-Au-C20 88.7(4 ) 
Brl-Au-C21 173. 8(2) 
Br2-Au-C21 88 .2(2) 
P-Au-C21 91. 1 ( 2) 
Au-P-Cl 108.9(4) 113 .9(2) 
Au-P-C.7 111.7(4) 107.5(2) 
Au-P-C13 114.6(5) 114.9(2) 
Cl-P-C7 109.2(6) 108.6(3) 
Cl-P-Cl3 106.9(7) 104.7(3) 
C7-P-C13 105 .2( 6) 107.0(3) 
C2-Cl-C6 118 ( 1) 120.0(6) 
P-Cl-C2 122 (1) 122.7(5) 
P-Cl-C6 120(1) 117 .2(5) 
Cl-C2-C3 120(1) 119.6(6) 
C2-C3-C4 121(1) 121.0(7) 
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Table 8.10 (continued) 
AuBr2 .AP . 0Me(A) AuBr2.AP.0Me(B) 
C3-C4-C5 120(2) 120 .3(6) 
C4-C5-C6 119 ( 2) 119.8(6) 
C5-C6-Cl 121(1) 119 .3(6) 
C8-C7-C12 121(1) 119.9(6) 
P-C7-C8 118 ( 1) 117 .9(5) 
P-C7-C12 121(1) 122 .1(5) 
C7-C8-C9 118 ( 1) 119.3(6) 
C8-C9-Cl0 121(2) 121.4(7) 
C9-C10-Cll 120(1) 119.6(7) 
C10-Cll-Cl2 120(1) 120.6(7) 
Cll-C12-C7 120(1) 119 . 1(6) 
C14-Cl3-C18 120(1) 121.5(6) 
P-C13-C14 122(1) 119.1(5) 
P-C13-C18 118 ( 1) 119 .3(5) 
C13-C14-C15 121(1) 118 . 5(8) 
C14 -C15-C16 118( 1) 120.6(8) 
C15-C16-C17 122(2) 120 . 5(8) 
C16-C17-C18 120(2) 120.4(8) 
C17-C18 -C13 118( 1) 118.5(8) 
C17-Cl8-C19 121(1) 119.2(7) 
C13-C18-Cl9 120(1) 122.3(6) 
C18-C19-C20 114( 1) 114.2(6) 
C19-C20-Au 118 ( 1) 
C19-C20-C21 116(2) 112.3(6) 
Au-C20-C21 104(1) 
Cl9-C20-0 110.4(7) 
C21-C20-0 104. 9 ( 6) 
C20-C21-0 108(1) 
C20-C21-Au 111.9(5) 
C21-0-C22 113(2) 
C20-0-C22 112 . 2(7) 
Cll-C23-Cl2 110 .8(4) 
Cll-C23-Cl3 110 .0(4) 
Cl2-C23-Cl3 110.0(4) 
Table 8 .11 
Selected intramolecular non-bonded distances (A) in 
Br3 ··· Au =3.638(1) 
Brl · • • P = 3.379(2) 
Br2 · · · C12 = 3 . 48(1) 
Cl0 · · · Brl = 3 . 737(9) 
Brl · · · Br2 = 3.650(2) 
Brl · · · P = 3.397(3) 
Br2 · · · Cl = 3.249(9) 
Br2 · · · C12 = 3.58( 1) 
Brl · · · Br2 = 3 . 538(2) 
Br2 · · · C20 = 3 . 23(2) 
Brl · · · C7 = 3.39(1) 
C21 · · · C19 = 2.59(3) 
Brl · · · Br2 = 3.521(1) 
B r2 · · · C 21 = 3 .161 ( 7) 
Brl · · · C7 = 3.482(6) 
Brl · · · Cl = 3. 879(6) 
Br 1 · · • B r2 = 3. 612 ( 2 ) 
Br2 · · · Cl = 3.324(9) 
P • • • Cl = 2.945(9) 
Cl0 · · · Brl = 3.58(1) 
Au · · · 0 = 3. 16 3 ( 7) 
Cl ··· P = 2.918(9) 
Brl · · · P 
C20 · · · P 
= 3.414(4) 
= 3.07(1) 
Br2 · · · C21 = 3 . 56(2) 
C21 · · · H192 = 2.85(2) 
Brl · · · P = 3 . 399(2) 
C21 · · · P = 3 . 126(6) 
Cl ··· H192 = 2.727(6) 
P · · · Hl92 = 2.685(2) 
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Table 8.12 
(a) Least-squares planes 
* Plane Atoms defining plane Equations 
* 
1 
2 
3 
4 
5 
6 
7 
The 
Au,Brl , Br2,P,Cl 0.2631X+0 . 6477Y -0. 7150Z-2 .9974 = 0 
Brl,Br2,P,Cl 0.2630X+0.6480Y-0 . 7148Z-3.0066 = 0 
Au,Brl,Br2 0.2154X+0 .6533Y-0.7258Z-3 . 1472 = 0 
Au,P,Cl 0.3198X+0 . 6299Y-0 . 7077Z-2 .8205 = 0 
P,Cl,C2,C7 0. 3130X+0 .6362Y-0 . 7052Z-2 . 7858 = 0 
Au,P,Cl,C2,C7 0.3136X+0 .6366Y-0 . 7046Z-2 . 7748 = 0 
phenyl ring C2-C7 0. 3160X+0.6882Y-0.6530Z- 1.8460 = 0 
Dihedral angle [Au,Brl,Br2][Au,P,Cl] 
[Au,P ,Cl][P,C l,C2,C7] 
= 6. 22(7) 0 
= 0.6(6) 0 
equation of the plane LX+MY+NZ+D = 0 refer to orthogonal 
coordinates, where: 
X = 9.4770x + Oy - 1. 3339z 
y = Ox+ 12.4570y + Oz 
z = Ox+ Oy + 13. 8529z 
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Table 8 .12 (continued) 
(b) Distance (A) of atoms from least-squares planes 
Plane 1 Au 
-0.0488(3) Plane 5 p 0.012(2) 
Brl 
-0.0470(9) Cl 
-0.016(8) 
Br2 0.072(1) C2 0.032(8) 
p 0.084(2) C7 
-0.028(8) 
Cl -0.060(8) Au 
-0.0031(3) 
Plane 2 Brl 
-0.0584(9) Plane 6 Au -0 .0008(3) 
Br2 0 .060( 1) p 0.013(2) 
p 0.072(2) Cl -0.015( 8) 
Cl -0.073(8) C2 0.031(8) 
Au -0.0610(3) C7 -0. 029(8) 
Plane 3 Au 0 Plane 7 C2 0.009(8) 
Brl 0 C3 -0.013(10) 
Br2 0 C4 0.003(10) 
Plane 4 Au 0 C5 0.010(11) 
p 0 C6 -0.014(10) 
Cl 0 C7 0.005(8) 
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Table 8 . 13 
{a) Least-squares planes 
* Plane Atoms defining plane Equation 
* 
1 
2 
3 
4 
5 
6 
7 
Au,Brl,Br2,P,Cl 0.6711X+0.3090Y-0.6739Z-0.5485 = 0 
Brl,Br2,P,Cl 0.6711X+0.3089Y-0.6739Z-0 .5462 = 0 
Au,Brl,Br2 0.6695X+0.3190Y-0.6709Z-0.6825 = 0 
Au,P,Cl 0.6746X+0.2935Y-0.6774Z-0 . 3622 = 0 
P,Cl,C2,C7 0.8087X+0 .4209Y-0.4109Z-2 .1078 = 0 
Au,P,Cl,C2,C7 0. 7528X+0 .3738Y-0 .5418Z-l.5431 = 0 
phenyl ring C2-C7 0.7839X+0 .4469Y-0 . 4309Z-2.4137 = 0 
Dihedral angle [Au,Brl,Br2][Au,P,Cl] = 1.5(3) 0 
[Au,P,Cl][P,Cl,C2,C7] = 18.7(7) 0 
The equation of the planes LX+MY+NZ+D = 0 refer to orthogonal 
coordinates, where : 
X = 7.9920x + Oy - 4.0966z 
y = 
z = 
Ox+ 16 .8940y + Oz 
Ox+ Oy + 12.4525z 
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Table 8.13 (continued) 
(b) Distance (A) of atoms from least-squares planes 
Plane 1 Au 0.0074(4) Plane 6 Au 0.1358(4) 
Brl 
-0.018(1) p 
-0.125(3) 
Br2 0.016(1) Cl -0.16(1) 
p 0.019(3) C2 0.09(1) 
Cl -0.02(1) Cl 0.06(1) 
Plane 2 Brl -0 .017 ( 1) Plane 7 C2 0.001 ( 10) 
Br2 0.018(1) C3 -0.003(11) 
p 0.021(3) C4 0.002(12) 
Cl -0.02(1) cs 0.000(12) 
Au 0.0092(4) C6 -0. 002(10) 
Plane 3 Au 0 Cl 0.002(10) 
Brl 0 
Br2 0 
Plane 4 Au 0 
p 0 
Cl 0 
. Plane 5 p 0.011(3) 
Cl -0.01(1) 
C2 0.03(1) 
Cl -0.02(1) 
Au 0.5116(4) 
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Table 8 . 14 
(a) Least-squares planes 
* Plane Atoms defining plane Equation 
* 
1 Au,Brl,Br2,P,C20 0. 4004X-0.6871Y-0.6063Z+3 . 3982 = 0 
2 Brl,Br2,P,C20 0.4005X-0 .6870Y-0.6063Z+3.4008 = 0 
3 Au,Brl,Br2 0.3897X-0.6912Y-0.6085Z+3 .4101 = 0 
4 Au,P,C20 0.4150X-0 . 6816Y-0 . 6027Z+3 . 3561 = 0 
5 P ,C13 ,Cl8 ,Cl9 0.4078X-0 . 9127Y-0 .0263Z+3.6019 = 0 
6 phenyl ring Cl-C6 
-0 . 7480X-0.3435Y-0 .5679Z+2.0510 = 0 
7 phenyl ring C7-Cl2 0.4867X+0.5487Y-0.6797Z-1.3390 = 0 
8 phenyl ring C13-C18 
-0.3986X+0.9171Y-0.0035Z-3.6234 = 0 
Dihedral angle [Au,Brl,Br2][Au,P,C20] = 1.6(5) 0 
The equation of the planes LX+MY~NZ+D = 0 refer to orthogonal 
coordinates, where: 
X = 9.0120x + Oy - 3. 3542z 
y = 
z = 
Ox+ 16 .1970y + Oz 
Ox+ Oy + 15.2013z 
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Table 8.14 (continued) 
(b) Distances (A) of atoms from least-squares planes 
Plane 1 Au 0 .0105(6) Plane 6 Cl -0.01(1) 
Brl -0.019(2) C2 0.01(1) 
Br2 0.015(2) C3 0.00(2) 
p 0.016(4) C4 -0.01(2) 
C20 -0.02(2) cs 0.01(2) 
Plane 2 Brl -0. 016(2) C6 0.00(2) 
Br2 0.017(2) Plane 7 C7 0.00(1) 
p 0.019(4) cs -0.01(1) 
C20 -0.02(2) C9 0.01(2) 
Au 0.0132(6) Cl0 0.00(2) 
Plane 3 Au 0 Cll -0.01(2) 
Brl 0 C12 0.01(1) 
Br2 0 Plane 8 C13 -0.00(1) 
Plane 4 Au 0 C14 0.01(1) 
p 0 ClS -0.01(2) 
C20 0 C16 0.00(2) 
Plane 5 p -0.001(4) C17 0.01(2) 
C13 0.00(1) C18 -0.01(2) 
C18 -0.00(2) 
Cl9 0.00(2) 
C20 1. 22 ( 2) 
Au 1.3413(6) 
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Table 8.15 
(a) Least-squares planes 
Plane Atoms defining plane * Equation 
* 
1 
2 
3 
4 
5 
6 
7 
8 
Au,Brl,Br2,P,C21 
Brl ,Br2 ,P ,C21 
Au,Brl,Br2 
Au,P,C21 
Au,P,Cl9,C20 
phenyl ring Cl-C6 
phenyl ring C7-Cl2 
phenyl ring Cl3-Cl8 
0.3760X+0.3565Y-0.8553Z+2.3066 = 0 
0.3760X+0.3568Y-0.8552Z+2.2980 = 0 
0.4117X+0 . 3258Y -0. 8511Z+2 .4148 = 0 
0. 3277X+0 . 3991Y -0. 8564Z+2.2150 = 0 
0.4860X-0.1729Y-0.8567Z+3.3487 = 0 
-0.4417X+0.7183Y-0.5375Z-0.6984 = 0 
-0.0425X-0.7807Y-0.6235Z+l.9477 = 0 
0.9405X+0 .2575Y-0.2216Z+2 . 5740 = 0 
Dihedral angle [Au,Brl,Br2][Au,P,C21] = 6.4(2) 0 
The equation of the planes LX+MY+NZ+D = 0 refer to orthogonal 
coordinates, where: 
X = 10.4130x - 2. 5866y 4.0789z 
Y = Ox+ 10.1506y - 3. 7577z 
z = Ox+ Oy + 12.1622z 
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Table 8.15 (continued) 
(b) Distances (A) of atoms from least-squares planes 
Plane 1 Au -0.0304(3) Plane 6 Cl 0.008(6) 
Brl 0.0803(9) C2 -0 .002 ( 7) 
Br2 -0.0724(9) C3 -0.006(8) 
p 
-0.075(2) C4 0.008(9) 
C21 0.098(7) cs -0.002(9) 
Plane 2 Brl 0.0734(9) C6 -0 .006 (7) 
Br2 -0.0797(9) Plane 7 C7 0.004(6) 
p 
-0.083(2) cs -0.008(8) 
C21 0 .090 ( 7) C9 0.011(8) 
Au -0.0381(3) ClO -0.011(8) 
Plane 3 Au 0 Cll 0.006(8) 
Brl 0 Cl2 -0 .003( 7) 
Br2 0 Plane 8 Cl3 -0.006(7) 
Plane 4 Au 0 Cl4 -0.002(8) 
p 0 Cl5 0.009(10) 
C21 0 Cl6 -0.007(12) 
Plane 5 Au -0.1393(3) C17 -0.001(11) 
p 0.136(2) C18 0.008(8) 
Cl9 -0.208(8) 
C20 0.211(9) 
Cl3 1.187 ( 7) 
C18 0.883(8) 
C21 1.008(7) 
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Table 8.16 
Some torsional angles 0 * ( ) for 
(a) AuBr2{o-(C2H5)2PC6H4CHCH 2Br} 
Au-P-C8-C9 -58.8(8) Au-P-C8-H81 +62.0(8) 
Au-P-C8-H82 -179.7(6) Cl0-P-C8-C9 +177.7(7) 
Au-P-Cl0-Cll +56. 2 ( 7) Au-P-Cl0-Hl0l -64.4(8) 
Au-P-Cl0-Hl02 +176.7(6) C8-P-Cl0-Cll -175 .9(7) 
Au-Cl-Cl2-Br3 +63.9 (7) Au-Cl-Cl2-Hl21 -57(1) 
Au-Cl-Cl2-Hl22 -175.4(7) C2-Cl-Cl2-Br3 -66.2(8) 
( b) AuBr2 {0 -(C2H5)2PC6H4CHCH20CH3 } 
Au-P-C8-C9 -1 75.0(7) Au -P-C8-H81 +64.3(8) 
Au-P-C8-H82 -5 4.2(7) Cl0-P -C8-C9 +58 .6(9) 
Au-P-Cl0-Cll +48.5(8) Au-P-Cl0-Hl0l -72.0(8) 
Au-P-Cl0-Hl02 +169.0(7) C8- P-Cl0-Cll +173 . 5(7) 
Au-Cl-Cl2-0 +60.2( 8) Au -Cl-Cl2-Hl21 -60(1) 
Au-Cl-Cl2-Hl22 -179.8(7) C2-Cl-Cl2-0 -66 ( 1) 
( C) AuBr2{o-(C6H5)2PC6H4CH2CHCH 20CH 3} 
Au-P-Cl3-Cl8 -41( 1) P-Cl3-Cl8-Cl9 +1(2) 
Cl3-Cl8-Cl9-C20 +62(2) Cl8-Cl9-C20-Au -76(2) 
Cl8-Cl9-C20-C21 +49(2) Cl9 -C20-Au-P +26(1) 
C20-Au-P-Cl3 +22 .9(7) Hl91-Cl9-C20-Au +45(2) 
Hl92-Cl9-C20-Au +164(1) 0-C21-C20-Cl9 -83(2) 
0-C21-C 20-Au +48(2) Cl-P-Au-Brl +81 .6(5) 
Cl-P-Au-C20 -96.8(7) C7-P-Au-Brl -39.1(5) 
C7-P-Au-C20 +142.4(7) Cl3-P-Au-Brl -158.7(5) 
Cl3-P-Au-C20 +22.9(7) 
* 
- Table 8.16 (continued) 
(d) AuBr2{o-(C6H5)2PC 6H4CH 2CH(0CH3)cH2}.CHC1 3 
Au-P-C13-C18 +54. 3( 7) P-C13-C18-C19 -5(1) 
Cl3-C18-Cl9-C20 -84(1) Cl8-C19-C20-C21 +45(1) 
C19-C20-C21-Au +66 .1 ( 7) C20-C21-Au-P -79.9(4) 
C21-Au-P-C13 -1.9(4) C18-C19-C20-0 -72(1) 
H191-C19-C20-C21 +165.7(7) H192-C19-C20-C21 -75.7(9) 
0-C20-C21-Au -173.9(4) H20-C20-C21-Au -51.7(9) 
Cl-P-Au-Brl -67.2(3) Cl-P-Au-C21 +118.8(3) 
C7-P-Au-Brl +53.1(3) C7-P-Au-C21 -120.9(3) 
C13-P-Au-Brl +172 .0(3) C13-P-Au-C21 -1.9(4) 
The torsional angle [A-B-C-D] is considered positive when it is 
measured clockwise from the front substituent A to the rear 
substituent D and negative when it is measured anti-clockwise. 
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Table 8.17 
Structural parameters for some Gold(III) complexes 
Compounda Structure b Au-Brl (A) Au-Br2 ($.) Au-P (./1.) Au-C (A) C-Br (./1.) Ref. 
AuBr 3.S0EP sq. pl. 2.5160(9) 2.464(1) 2.259(2) 2.121(8) 1.94 d 
AuBr2.SDEP.0Me sq. pl. 2.503(1) 2.473(1) 2.257(2) 2.088(9) - d 
AuBr2AP.0Me(A) sq. pl. 2.513(2) 2.453(2) 2.281(3) 2.11(2) - d 
AuBr2.AP.0Me(B) sq. pl. 2.4995(8) 2.4461(7) 2.295(2) 2.080(6) - d 
AuBr3 .SP sq. pl. 2.490(4) 2.490(4) 2.260(8) 2.10(3) 1.98 196 
AuBr3 .AP sq. pl. 2.510(6) 2.460(6) 2.29(1) 2.13(4) 1.97 196 
AuBr3(pq) sq. py. 2.408(3)(av.) - - - - 190 
AuBr3(dmp) sq. PY 2.411(3)(av.) - - - - 189 
[Bu4N]+[AuBr4r sq. pl. 2.404(1) - - - - 211 
Me 2Au( µ-Br) 2AuBr2 sq. pl. 2.402(2)c - - - - 212 
AuMe2 ( tri fl ate) sq. pl. - - - 2.018(8)(av.) - 224 
AuMelPh3 sq. pl. - - 2.349(6)(av.) 2.08(2)(av.) - 215 
AuMe3cH2PPh3 sq. pl. - - - 2.14(1)(av.) - 215 
AuBr3{P(C2H5)3} sq. pl. 2.412(av.) 2.468(1) 2.328(2) - - 213 
(trans to (trans 
each other) to P) 
N 
AuCl(C6F5)lPh3 sq. pl. 2.37(3) 2.15(9) - 214 00 - - <.O 
Table 8.17 (continued) 
Compound a Structureb Au-Brl (A) Au-Br2 (A) Au-P (,8.) Au-C (,8.) C-Br (A) Ref. 
[Me 2AuOH] 4 sq. pl. 
2.05(8)(av.) 
M\ /CH 2-PMe2"-
/
Au BH2 
"' / Me CH 2-PMe2 
sq. pl. 2.14(2)(av.) 
Me /CH 2-PMe2"'-
"-Au CH 
/ "' / Me CH 2-PMe2 
sq. pl. 2 .11 ( 2) (av. ) 
M\ /CH 2-PMe 2, 
/Au N 
Me "cH2-PMe( 
sq. pl. 2.12(2)(av.) 
a Abbreviations SDEP = o-vinylphenyldiethylphosphine, AP= o-allylphenyldiphenylphosphine, Bu= butyl, 
SP= o-vinylphenyldiphenylphosphine, pq = 2-(2'-pyridyl)quinoline, triflate 
methanesulfonate, dmp = 2,9-dimethyl-1,10-phenanthroline, Me= methyl 
b Abbreviations : sq. pl. = square planar, sq. py. = square pyramidal 
c The Au-Br distance given here is the non-bridging Au-Br distance. 
d This work. 
= tri fl uoro-
227 
225 
226 
226 
N 
\0 
0 
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APPENDI X A 
CRYSTAL AND MOLECULAR STRUCTURE OF MEARSINE PICRATE 
A.l Introduction 
Mearsine (1) is a minor alkaloid of the elaeocarpaceous plant 
Peripentadenia mearsii (C.T. White) L.S. Smith which grows in rain 
forests of north Queensland 228 • It was isolated and characterized by 
John A. Lamberton, Y.A. Geewananda P. Gunawardana and I. Ralph C. Bick. 
Its formula c9H13NO was established by mass spectrometry and by micro-
analysis of its crystalline picrate. The 13c NMR spectra of mearsine 
showed the presence of two quaternary carbons ( ')C=O and ) C=N-), three 
methine carbons, two methylene carbons and two methyl groups ( )c=N- and 
Hf 
and the UV spectrum suggested that the carbonyl and 
azomethine groups were conjugated 229 • 
The structural features indicated by these data could not be satis-
factorily fitted into the bicyclic system required by the formula. A 
single crystal X-ray study of mearsine picrate was therefore carried out 
to establish the precise molecular structure of this compound. 
0 
1 
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A.2 Data acquisition 
Mearsine picrate was recrystallized from CH 30H/H2o mixture as 
yellowish needles (elongated along the c axis). The crystal used in 
intensity measurement was cut along the needle axis to the dimensions of 
0.11 x 0.11 x 0.24 mm perpendicular to {1 1 OJ , {1 r OJ and {O O 11 
respectively. 
From oscillation, Weissenberg and precession photographs the space 
group P212121 was uniquely defined (systematic absences: hk 1 : no 
conditions ; hOO : h = odd ; OkO : k = odd and 001 : 1 = odd). Cell 
parameters were obtained from these photographs and were later refined 
by least-squares refinement of 12 high angle reflections (2 8 = 88-11 7°) 
measured on the Picker FACS-1 diffractometer (graphite monochromated CuKa 1 
radiation). The measured density (1.48 g.cm-3) obtained by flotation in 
a mixture of carbon tetrachloride and m-Xylene was in a good agreement 
-3 
with the value of 1.49 g.cm calculated for Z = 4. 
Intensity data were also collected by using the Picker FACS-1 
diffractometer with graphite monochromated CuKa radiation. The 
intensities of three standard reflections (0 0 4, 0 8 0 and 16 0 0) 
measured every 97 reflections decreased by 0.85, 4.24 and 2. 74% 
respectively. A total of 3413 reflections in the form ±h+k+l were 
recorded (28 range from 3 to 127°). 
The reflection data were corrected for Lorentz, polarization and 
crystal degradation effects using the program SETUP3 . Only 2412 unique 
reflections were considered to be observed on the basis of I~ 3o(I) and 
were used in the refinement . 
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A.3 Solution and refinement of the structure 
The structure was solved by direct methods using the program 
MULTAN80 and was refined by full-matrix least-squares methods using the 
SFLS program. An overall temperature factor (B = 3.7704 ~2) and the 
scale factor (0.0834) were determined by means of the Debye curve and 
were used in the calculation of normalized structure factor amplitudes 
for all reflections including unobserved reflections. The statistically 
weighted tangent formula was used in phase determination based on 258 
reflections with \E\ ~ 1.28. An E map computed with the phase set of 
the highest combined figure of merit (ABS FOM = 1.0467, PSI ZERO= 1.487, 
RESID = 15.21 and COMBINED FOM = 2.1335) revealed 9 non-hydrogen atoms 
of the picrate ion. These atoms were included as a correctly oriented 
but randomly positioned molecular group in the calculation of \E\ 
values. An E map computed using the phase set of the highest combined 
figure of meri t (ABS FOM = 1.1267, PSI ZERO= 1.281, RESID = 18.37 and 
COMBINED FOM = 2.2753) gave 21 out of 27 non-hydrogen atoms in the 
molecule . These atoms were again included as a correctly oriented but 
randomly positioned molecular group in the calculation. An E map 
calculated using the phase giving the highest combined figure of merit 
(ABS FOM = 1.0906, PSI ZERO= 1.049, RESID = 15.47 and COMBINED FOM = 
3.0000) gave 26 non-hydrogen atoms . 
Th ese atoms were refined isotropically using the program SFLS. A 
unit weight was applied to each reflection. The remaining non-hydrogen 
atom was located in the resulting difference Fourier synthesis. After 
the refin ement with all non-hydrogen atoms anisotropic and a2 weights, 
all hydrogen atoms were located from successive difference Fourier 
syntheses. They were included and refined isotropically. 
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At this stage reflection data were corrected for absorption using 
t·he program T0MPAB. The refinement was resumed and an extinction 
effect was obvious since structure factor amplitudes of some strong low 
angle reflections were much lower than the calculated amplitudes. 
Therefore, an isotropic extinction correction was applied to the data. 
The refinement with all non-hydrogen atoms anisotropic and all 
hydrogen atoms isotropic finally converged with the R value= 0.037, R w 
= 0.047 and S = 1.657. The maximum ratio of parameter shift-to-error= 
0.19. A final difference Fourier synthesis showed no peak greater than 
0.50 e.A-3. Application of Hamilton's significance test 230 suggests 
that the probability that Figure A.l depicts absolute configuration 
exceeds 99% [R = 0.0472, R (enantiomer) = 0.0473, the value of the 
w w 
R factor ratio= 1.002 and R1, 2103 , _005 = 1.002]. 
Crystal data and details of data col lection and reduction are given 
in Table A.l. Details of the structure solution and refinement are 
summarized in Table A.2. 
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Table A.l 
Crystal data and details of data collection and reduction 
for Mearsine picrate 
Chemical formula 
Formula weight 
Systematic absences 
Space group 
Boundary faces of crystal 
(distance from origin (mm)) 
Radiation used for measurement 
of cell dimensions 
Number of reflections used for 
refinement of cell dimensions 
Unit cell dimensions: 
Volume 
F(OOO) 
Measured density, Om 
Formula units per eel l, Z 
Calculated density, De 
C15H16N408 
380.32 
hOO h = odd 
OkO k = odd 
00 .Q, .Q, = odd 
o o 1 (0.241) o o I (O) 
1 1 o (0) I Io (0.113) 
1 I o (0) I 1 o (0.114) 
CuK '½_ ( \ = 1.54051 ,&.) 
12 reflections ( 2 e range 
from 88 to 117° ) 
a= 23.4614(11), b = 10 .8541(6) 
C = 6.6458(4) ,&. 
1692.37 .&.3 
792 
1.48 g.cm -3 
4 
1.49 -3 g.cm 
Table A.l (continued) 
Radiation used for data collection CuK a ( \ = 1.5418 A) 
Diffractometer used for data Picker FACS-1 
collection (graphite monochromator) 
Linear absorption coeffient, µ 10.70 cm-1(CuK a) 
Absorption correction method de Meulenaer and Tompa 
Transmission factors: max .926 
min .824 
Range of 20 in intensity 3 - 127 ° 
measurement 
Form of data collected 
Axis parallel cj> 
Monochromator, 20 
Dispersion factor, ~ 
Scan mode 
Scan width, 20 
Scan speed 
Total background count time 
Standard reflections (percentage 
drop in intensity) 
±h+k+t 
[001] 
26.70° 
o. 285tan 0 
0-2 0 scan 
1.80 + 0.285tan 0 
2 0 • -1 min 
20 sec 
0 0 4 (0.85) 
0 g O (4.24) 
i6 0 0 (2.74) 
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Table A.1 (continued) 
Frequency of measuring of 
standard reflections 
Number of reflections measured 
Number of unique reflections* 
with I ~ 3cr ( I) 
Criterion of data quality 
Instrumental "uncertainty factor" 
every 97 reflections 
3413 
2412 
R = 0.019 
s 
0.002 
* . . Point group 222 assumed (±h+k+t reflection forms recorded 
and not averaged) 
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Table A.2 
Summary of structure solution and refinement 
for Mearsine picrate 
Method used to solve the structure Direct methods 
Least-squares refinement method Full-matrix 
Anomalous dispersion included for C,N,O 
Initial weights for refinement w = 1.0 
Final weights for refinement w = l/o2
2(F 0 ) 
Final scattering model -all non-H anisotropic 
-all H isotropic 
-isotropic extinction 
correction 
Secondary extinction parameter, BO 0.00023(2) 
Final R 0.037 
Final Rw 0 .0472 
Final Rw (enantiomer) 0.0473 
Ratio R /R (enantiomer) 1.002 
w w 
Final S 1.657 
Ratio of observations variables 2412:309 
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Table A.2 (continued) 
Ratio of maximum parameter shift 0.19 
to error in final cycle 
Final difference map: 
- highest peak 
- smallest peak 
~-3 0.499 e.A 
~-3 
-0.273 e .A 
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A.4 Results and discussion 
Crystals of mearsine picrate contain H-bonded pairs of mearsine 
picrate ions. The molecular structure (Figure A.l) shows that the base 
has an isoquinuclidine skeleton in which the carbonyl and azomethine 
groups are in fact not conjugated, but are close enough for charge 
transfer to take place. 
Atomic coordinates and thermal parameters are listed in Table A.3; 
important bond distances and bond angles are compiled in Table A.4. 
Details of important molecular planes are given in Table A.5 . 
A stereoview of the contents of a unit cell is presented in Figure 
A.2. The vibrational ellipsoids are drawn at 30% probability level for 
the non-hydrogen atoms while those for the hydrogen atoms are set at 
radius= 0 .11 A. The crystal structure of mearsine picrate consists of 
ion pairs units separated by normal van der Waals contacts . The crystal 
packing features a columnar arrangement (parallel to c) of interleaved, 
near-parallel anions with interplanar spacing ca 3.32 A. 
Although face to face stacking of molecules or molecular ions is a 
common feature of aromatic donor-acceptor complexes 231 , such arrangements 
are rarely observed for similarly charged ions. Occurrences have, 
however, been reported for the radical ions N,N-dimethyl-p-phenylene-
diamine in Wurster's red bromide 232 and 7 ,7 ,8 ,8-tetracyanoquinodimethan 
in its N , N , N;N~tetramethyl -p-phenyl enedi amine salt 233 . 
Dimensions of the mearsine cation closely resemble those observed 
in a series of molecules containing bicyclo[2,2,2]octenone 
fragments 23 4• 235 . Mean C-C bond lengths are in good agreement with 
standard values, with endocyclic C(sp2)-C(sp3) distances ranging from 
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~-483(3)-1.523(3) A and C(sp3)-C(sp3) distances ranging from 1.521(4)-
1.563(4) A. In both instances the spread of values is statistically 
significant and probably results from steric strain. Karlsson and 
co-workers 235 have observed similar (but larger) effects in a range of 
more heavily substituted and sterically crowded bicyclo[2,2,2]octenone 
analogues. In common with values reported for the octenone analogues, 
the exocyclic C-C( Me ) distances in the mearsine cation (1.517(4) and 
1.467( 3) A) are substantially shorter than their expected values (1.54 
and 1.51 A) . After correction for libration shortening (riding-model 
assumed) the discrepancy is largely eliminated, the corrected values 
being 1.534(4) and 1.491(4) A. 
The half-rings C7 - N7-Cll-Cl0 and Cl0-C9-C8- C7 in the mearsine 
cation are accurately planar with the maximum deviation from the best 
plane being only 0 .0001(22) A. The exocyclic methyl carbon atom of the 
former plane (Cl5) is displaced from the mean plane by 0 .020(5) A 
whereas that of the latter plane (Cl4) is substantially out of plane 
(1 .163(3) A) . The r emaining half-ring Cl0-Cl2- Cl3-C7 is just 
significantly aplanar (maximum deviation from the mean plane= 0 .021(3) 
A) with the exocyclic substituent 012 displaced by 0.092(2) A 
apparently as a result of unfavourable non-bonding contacts (e . g. 
012 ··· Cl = 3.1 6 A, 012 ··· H7 = 2.47 A) to a neighbourin g cation. 
The occurrence of strong H-bonding interactions to th e ketone 
oxygen of the picrate ion is commonly observed in both organic and 
inorganic picrate salts. Relevant data for five such salts are 
summarized in Table A.6. The data in this table relates to normalized 
N-H distances rn-H' = 1.030 A), following the procedure adopted by 
Taylor and co-workers 236 • In al 1 instances the N ··· 0 and H' ··· 0 values 
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lie well to the extreme left (high-energy end) of the distributions 
reported by Taylor and co-workers 23 6 for both inter- and intramolecular 
N-H· .. O=C bonds. Possibly because it provides the only instance where 
both the donor and acceptor groups are each involved in just one 
H-bond, the mearsine-picrate bond is arguably the most energetic and is 
the most nearly linear of those surveyed in Table A.6. The correlation 
of a. (N-H'·· · O) (171(3) 0 ) and H' · ·· 0 (1.66(3) A) maintains the tendency 
of short hydrogen bonds to be more linear than long bonds 236 • 
The benzene ring of the picrate ion is slightly non-planar; the 
maximum deviation from the least-squares plane through the ring is 
0.019 A (see Table A.5). The substituent atom N6 lies in the benzene 
plane but 01, N2 and N4 atoms are displaced from the plane by 0.126, 
0.027 and 0.021 A respectively. The ortho-nitro groups [N2,021,022 and 
N6,061,062] are considerably twisted out of the plane of the benzene 
ring, making dihedral angles about 22° and 41° respectively, whereas the 
para-nitro group [N4,041,042] is tilted out of the plane by only 8°. 
Twist angles are clearly very dependent on the environment (particularly 
the H-bonding environment) of the ion, with previously reported values 
for those salts surveyed in Table A.6 and potassium picrate ranging from 
3 to 53° for ortho - and frorn 2 to 7° for para-nitro groups. 
Other bond lengths and bond angles in mearsine picrate are in the 
usual range, e.g. the C-H bond lengths range from 0.86(3) to 1.01(3) A 
with an average value of 0.97(3) A. 
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Figure A.1 
The molecular structure of mearsine picrate . 
Figure A.2 
A stereoscopic view of the unit cell of mearsine picrate. 
w 
0 
.i:,. 
Table A.3 
Atomic coordinates and thermal parameters for mearsine picrate 
Atom x/a y/b z/c S 11 S22 S33 S12 S13 S2 3 
Cl -0.2621(1) 0.1152(2) -0.1625(3) 0.0015(1) 0.0069(2) 0.0166(6) 0.0008(1) -0.0002(1) -0.0002(3) 
C2 -0.2895(1) -0.0034(2) -0.1565(4) 0. 0011( 1) 0.0081.(2) 0.0172(5) 0.0006(1) -0 .0002 ( 1) 0.0000(3) 
C3 -0.2608(1) -0 .1136 ( 2) -0.1559(4) 0.0014(1) 0.0063(2) 0.0208(6) 0.0002(1) 0.0000(1) 0.0009(3) 
C4 -0.2019(1) -0.1137(2) - 0 .1512(4 ) 0.0014(1) 0.0063(2) 0.0177(6) 0.0005(1) -0.0003(1) 0.0001(3) 
cs -0 .1715 ( 1) -0.0043(2) -0.1505(4) 0.0012(1) 0.0073(2) 0.0178(5) 0.0002(1) -0 .0001 ( 1) 0.0014(3) 
C6 -0.2005(1) 0.1040(2) -0.1536(4) 0.0014(1) 0.0064(2) 0.0185(6) 0.0002(1) -0.0001(1) 0.0012(3) 
N2 -0.3514(1) -0.0104(2) -0.1593(3) 0.0013(1) 0.0094(2) 0.0266(6) 0.0006(1) 0 .0004( 1) 0.0018(3) 
N4 -0.1 717(1) -0.2293(2) -0.1428(4) 0.0014(1) 0.0069(2) 0.0283(6) 0.0006(1) 0.0003(1) 0.0007(3) 
N6 -0.1671(1) 0.2179(2) -0.1553(4) 0.0018(1) 0.0077(2) 0 .0337 (7) -0.0003( 1) -0.0002(2) 0.0018(4) 
01 -0 .2861 ( 1) 0.2164(1) -0.1825(3) 0.0018(1) 0.0071(1) 0.0383(7) 0.0013(1) -0.0004(1) 0.0000 (3) 
021 -0.3786(1) 0.0779(2) -0.0994(4) 0.0016(1) 0.0114(2) 0.0663(11) 0.0017(1) 0.0017(2) 0.0005(4) 
022 -0.3741(1) -0.1048(2) -0.2172(4) 0.0015(1) 0.0126(2) 0.0541(8) -0.0006(1) 0.0007(1) -0.0028(4) 
041 -0.1979(1) 
-0.3247(2) -0.1636(4) 0.0021(1) 0.0062(1) 0.0632(10) 0.0001(1) -0.0014(2) -0.0022(4) 
042 -0.1205(1) 
-0.2267(2) -0.1140(4) 0.0014(1) 0.0090(2) 0.0538(8) 0.0010(1) -0.0007(1) 0.0023(3) 
061 -0.1240(1) 0.2185(2) -0.2567(5) 0.0039(1) 0.0147(3) 0.0644(11) -0.0032(1) 0.0069(3) -0.0016(5) 
062 -0.1820(1) 0.3039(2) -0.0523(5) 0.0026 ( 1) 0.0080(2) 0.0728(12) 0.0001(1) -0.0003(2) -0.0076(4) 
C7 -0.4410(1) 0.3352(2) -0.1607(4) 0.0013(1) 0.0056(2) 0.0342(8) 0 .0000(1) -0.0012(2) -0.0027(4) 
C8 -0.4661(1) 0.3790(3) 0.0393(5) 0.0016(1) 0.0087(2) 0.0299(8) -0.0002(1) 0.0007(2) 0.0023(4) 
C9 -0.4492(1) 0.5141(2) 0.0770(4) 0.0016(1) 0.0089(2) 0.0222(6) 0.0006(1) -0.0004(1) -0.0020(3) 
ClO -0.4120(1) 0.5586(2) -0.1041(4) 0.0015(1) 0.0051(2) 0.0268(7) 0.0002(1) -0.0003(1) 0.0000(3) 
w 
0 
u, 
Table A.3 (continued) 
Atom x/a y/b z/c 1311 1322 13 3 3 13 12 1313 1323 
C11 -0.3637(1) 0.4711(2) -0.1204(4) 0.0013(1) 0.0060(2) 0.0243(6) 0 .0001( 1) -0.0002(1) 0.0011(3) 
C12 -0.4487(1) 0 .5447(2) -0.2919(4) 0.0017(1) 0.0085(2) 0.0225(6) 0.0013(1) 0.0006(1) 0.0010(3) 
C13 -0.4644(1) 0.4137(3) -0.3314(5) 0.0018(1) 0.0105(3) 0.0279(8) 0.0013(1) -0.0018(2) -0.0050(4) 
C14 -0.4999(1) 0.5988(3) 0.1081(6) 0.0021(1) 0.0129(4) 0.0277(9) 0.0019(1) 0.0011(2) -0.0029(5) 
C15 -0.3038(1) 0.5083(3) -0 .1026 ( 7) 0.0014(1) 0.0080(3) 0.0500(13) 0.0000(1) -0.0005( 2) 0.0015(6) 
N7 -0.3793(1) 0.3587(2) -0.1490(3) 0.0012(1) 0.0060( 1) 0.0281(6) 0.0005(1) -0 .0004( 1) -0.0008(3) 
012 -0.4639(1) 0.6317(2) -0.3917(3) 0.0030(1) 0.0133(2) 0.0315(6) 0 .0026 ( 1) -0.0002(2) 0.0073(3) 
Atom x/a y/b z/c B ($.2) Atom x/a y/b z/c B ( $.2) 
HN -0.349(1) 0.303(3) -0.163(5) 5.9(7) H131 -0.506(1) 0.409(3) -0.330(4) 5.2(6) 
H3 -0.284(1) -0.187(2) -0.160(4) 4.0(5) H132 -0.450(1) 0.381(3) -0.464(5) 5.2(6) 
H5 -0.130(1) -0.006(2) -0.148(3) 2.7(4) H141 -0.519(1) 0.573(3) 0.226(6) 7.0(9) 
H7 -0.449(1) 0.248(2) -0.187(4) 4.9(6) H142 -0.485(2) 0.680(4) 0.128(6) 8.4(10) 
H81 -0.452(2) 0.332(3) 0.156(5) 8.0(9) H143 -0.522(1) 0.595(3) -0.008(5) 4.8(7) 
H82 -0.507(1) 0.366(2) 0.026(4) 4.3(6) H151 -0. 298 ( 1) 0.570(3) -0.181(5) 5.8(8) 
H9 -0 .422 ( 1) 0.522(2) 0.195(4) 5.2(6) H152 -0.279(1) 0.439(3) -0.106(4) 4.9(6) 
Hl0 -0.399(1) 0.644(2) -0.089(4) 4.0(5) H153 -0.301(2) 0.552(3) 0.025(6) 7.5(10) 
w 
0 
CJ) 
307 
Table A.4 
Important bond lengths and bond angles for Mearsine Picrate 
(a) Bond lengths (A) 
Cl-C2 1.439(3) C2-C3 1.373(3) C3-C4 1. 381 ( 3) 
C4-C5 1. 385 ( 3) C5-C6 1.358(3) C6-Cl 1.452(3) 
Cl-01 1.241(3) C2-N2 1.453( 3) C4-N4 1.442(3) 
C6-N6 1.465(3) N2-021 1.219(3) N2-022 1.217(3) 
N4-041 1.213(3) N4-042 1.216(2) N6-061 1.214(3) 
N6-062 1.209(3) N7-C7 1.472(3) C7-C8 1.531(4) 
C8-C9 1.539(4) C9-Cl0 1.563(4) Cl0-Cll 1.483( 3) 
Cll-N7 1. 288 ( 3) C7-C13 1.521(4) Cl2-Cl3 1.491(4) 
Cl0-Cl2 1.523(4) C9-Cl4 1.517(4) Cll-Cl5 1.467(3) 
C12-012 1. 208 ( 3) 01-HN 1. 76( 3) N7-HN 0.93(3) 
C3-H3 0.96(3) C5-H5 0.98(2) C7-H7 0.98(3) 
C8-H81 0.99(4) C8-H82 0.97(3) C9-H9 1.01(3) 
Cl0-Hl0 0.98(2) Cl3-H131 0.97(3) C13-H132 1.00( 3) 
Cl4-H141 0.95(4) Cl4-H142 0.96(4) Cl4-H143 0.93(3) 
Cl5-H151 0.86(3) C15-H152 0.96(3) Cl5-H153 0.97(4) 
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Table A.4 (continued) 
(b) Bond angl es ( 0 ) 
0l-Cl-C2 126.3(2) 0l-Cl-C6 121.9(2) C2-Cl-C6 111.6(2) 
Cl-C2-C3 124.0(2) Cl-C2-N2 119.5(2) C3-C2-N2 116.4(2) 
C2-C3-C4 119.5(2) C3-C4-C5 120.9(2) C3-C4-N4 119.6(2) 
C5-C4-N4 119.5(2) C4-C5-C6 119.0(2) C5-C6-Cl 124 .8(2) 
C5-C6-N6 117 .6(2) Cl-C6-N6 117 .5(2) C2-N2-021 118.6(2) 
C2-N2-022 119.0(2) 021-N2-022 122.4(2) C4-N4-041 119.2(2) 
C4-N4-042 118.2(2) 041-N4-042 122.6(2) C6-N6-061 117 .0(2) 
C6-N6-062 119.5(2) 061-N6-062 123.4(2) HN-N7-C7 129(2) 
HN-N7-Cll 115(2) C7-N7-Cll 116.8(2) N7-C7-C8 106.2(2) 
N7-C7-C13 107.3(2) C8-C7-C13 109.5(2) C7-C8-C9 109 .8(2) 
C8-C9-Cl0 108.2(2) C8-C9-Cl4 113.4(2) Cl0-C9-Cl4 110 .8(2) 
C9-Cl0-Cll 106.6(2) C9-Cl0-Cl2 106.6(2) Cll-C10-Cl2 108 .0(2) 
Cl0-Cll-N7 113.6(2) Cl0-Cll-Cl5 123.4(2) N7-Cll-C15 123.0(2) 
C10-Cl2-C13 112.2(2) Cl0-Cl2-012 122.6(2) Cl3-Cl2-012 125.1(2) 
Cl2-Cl3-C7 108.3(2) C2-C3-H3 116(1) C4-C3-H3 124(1) 
C4-C5-H5 120(1) C6-C5-H5 121(1) N7-C7-H7 111(2) 
C8-C7-H7 113(2) Cl3-C7-H7 110(2) C7-C8-H81 113(2) 
C7-C8-H82 105(2) C9-C8-H81 106(2) C9-C8-H82 114(2) 
H81-C8-H82 109(3) C8-C9-H9 112 ( 2) Cl0-C9-H9 103(2) 
Cl4-C9-H9 110(2) C9-Cl0-H10 113(1) Cll-Cl0-Hl0 113( 1) 
Cl2-Cl0-H10 110(1) C7-Cl3-Hl31 109(2) C7-C13-H132 110 ( 2) 
Cl2-Cl 3-Hl31 107(2) Cl2-Cl3-Hl32 114(2) H131-C13-H132 108(2) 
C9-Cl4-H141 108(2) C9-Cl4-H142 107(2) C9-Cl4-H143 107(2) 
H141-Cl4-H142 109(3) H141-Cl4-H143 114(3) H142-C14-H143 111(3) 
Cll-C15-H151 109(2) Cll-Cl5-H152 112 ( 2) Cll-C15-H153 105(2) 
H151-Cl5-Hl52 120(3) H151-Cl5-H153 98(3) H152-Cl5-H153 111(3) 
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Table A.5 
a ) Least-squares pl anes for Mea rs ine Picrate 
* Plane Atoms defining plane Equation 
* 
1 Cl,C2,C3,C4,C5,C6 0.0202X-0.0130Y- 0.9997Z-0 .9210 = 0 
2 N2,021,022,C2 -0 .0137X+0 . 3665Y-0 .9303Z-l .0497 = 0 
3 N4,041,042,C4 0. 1547X+0 .0419Y -0 .9871Z-0 .2077 = 0 
4 N6,061,062,C6 -0.5357X+0 . 3455Y-0 .7705Z-3 .6994 = 0 
5 C7,N7,Cll,Cl0 0 .0275X+0 .1460Y-0 .9889Z-l.3036 = 0 
6 Cl0,C9,C8,C7 -0 .8251X+0 .3048Y-0.4757Z-10 .1533 = 0 
7 ClO ,Cl2 ,Cl3 ,C7 0.8320X-0 .1423Y-0 . 5362Z+8 .5434 = 0 
Di hedra 1 angle [Cl,C2,C3,C4,C5,C6][N2,021,022,C2] = 22 .3(2) 0 
[Cl,C2,C3,C4,C5,C6][N4,041,042,C4] = 8.4(3) 0 
[Cl,C2,C3,C4,C5,C6][N6,061,062,C6] = 41.0(3) 0 
[C7,N7,Cll,ClO][Cl0,C9,C8,C7] = 119.5(3) 0 
[C7,N7,Cll,ClO][ClO,Cl2,Cl3,C7] = 122 .2(3) 0 
[Cl0,C9,C8,C7][Cl0,Cl2,Cl3,C7] = 118.3(3) 0 
The equation of the planes LX+MY+NZ+D = 0 refer to orthogonal 
coordinates, where : 
X = 23 .4614x + Oy + 
y = 
z = 
Ox+ 10.854ly + 
Oz 
Oz 
Ox+ Oy + 6 .6458z 
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Table A.5 (continued) 
c) Distances (A) of atoms from least-squares planes 
Plane 1 Cl 0.019(2) Plane 4 N6 0.012(2) 
C2 -0.018(2) 061 -0.007(3) 
C3 0.008(3) 062 -0.005(3) 
C4 0.004(2) C6 -0.003(2) 
cs -0.002(2) Plane 5 C7 -0.000(3) 
C6 -0.010(3) N7 0.000(2) 
N2 -0.027(2) Cll -0.000(3) 
021 -0.451(3) ClO 0.000(3) 
022 0.360(3) Cl5 -0.020(5) 
N4 -0.021(2) Plane 6 ClO 0.000(2) 
041 0.118( 3) C9 0.000(3) 
042 -0.189(3) C8 0.000(3) 
N6 0.001(3) C7 0.000(2) 
061 0.695(3) Cl4 1.163(3) 
062 -0.703(3) Plane 7 ClO 0.009(2) 
01 0.126(2) Cl2 -0.016(3) 
Plane 2 N2 0 .008(2) Cl3 0.021(3) 
021 -0.003(3) Cl -0.009(2) 
022 -0.003(3) 012 -0.092(2) 
C2 -0.002(2) 
Plane 3 N4 0.002(2) 
041 -0.001(3) 
042 -0.001(3) 
C4 -0 .001(2) 
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Table A.6 
N-H ·· · 0=C bond distances (A) and bond angles ( 0 ) for picrate saltsa 
Cation N··· 0 (A) H· ··0 (A) N- H· ··0 ( 0 ) C=0 (A) Ref . 
NH+ 
4 2.836(4) 1.89(7) 151(6) 1.239(6) 237 
Serotonin+ 2.705(2) 1.74(2) 154(2) 1.241(3) 238 
Tryptamine + 2.813(4) 1.82(4) 159(1) 1. 248(3) 239 
2.787(2) 1.89(2) 143(2) 
Tryptophan + 2.734(3) 1.81(3) 148(3) 1.251(3) 239 
2.736(3) 1.99(3) 127(2) 
Mearsine + 2.686(2) 1.66( 3) 171(3) 1.241(3) b 
a H ·· · 0 and N-H ··· 0 values are those calculated with N-H distances 
normalized to 1.030 A. 
b This work . 
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